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ADVERTISEMENT. 


The  Institution  is  not  responsible  for  the  opinions,  statements  of  facts,  or  trains 
of  reasoning  contained  in  its  publications  ;  such  responsibility  rests  entirely 
with  the  authors  of  the  respective  communications.  Nor  is  publication,  in  the 
Transactions  of  the  Institution,  of  the  account  of  an  executed  work  or  in¬ 
vention,  to  be  taken  as  any  expression  of  opinion  on  the  merits  of  such  work 
or  invention. 


The  Council  have  to  regret  the  delay  which  has  occurred  in  the  publication  of  the  present  Part. 
Various  circumstances,  over  which  they. had  no  control,  have  combined  to  occasion  this.  The 
succeeding  Part  is  in  a  very  advanced  stage  and  will  appear  in  a  few  weeks  :  it  will  contain : — 

THE  GRAVESEND  PIER . Plates.  By  W.  Tierney  Clark. 

ON  LOCOMOTIVE  ENGINES . By  Professor  Barlow. 

THE  EXPANSION  OF  IRON  AND  STONE  ARCHES . By  G.  Rennie. 

A  MACHINE  FOR  CUTTING  RAILWAY  BARS . Plate  .  By  J.  Glynn. 

ON  THE  MONTROSE  SUSPENSION  BRIDGE  ....  Plate.  By  Colonel  Pasley. 
ON  THE  SINKING  OF  THE  WELL  AT  THE  RESERVOIR  OF  THE 

NEW  RIVER  COMPANY  IN  THE  HAMPSTEAD  ROAD  .  Plate  .  By  R.  W.  Mylne. 

ON  THE  LOCOMOTIVE  ENGINES  OF  THE  LONDON  AND 

BIRMINGHAM  RAILWAY . Plate  .  By  E.  Bury. 


ERRATA. 


Page  58,  line  4,  after  the  words  “  non-condensing  engine,”  add  “  working  at  the 
pressure  of  Experiment  III.” 

-  66,  line  17,  after  the  words  “  by  this  class  of  engine,”  add  “  at  the  two 

pressures  cited.  ” 

-  137,  line  19,  for  “  in  the  two  experiments  with  the  Lion,”  read  “  in  Experi¬ 
ments  I.  and  II.  with  the  Neptune.” 


II. — On  Steam-Boilers  and  Steam-Engines. 
By  JOSIAH  PARKES,  M.Inst.C.E. 


PART  II. 

ON  STEAM-ENGINES,  PRINCIPALLY  WITH  REFERENCE  TO  THEIR  CONSUMPTION  OF 

STEAM,  AND  FUEL. 

In  the  introduction  to  this  branch  of  my  subject,  (page  2,)  I  have  already 
expressed  an  opinion,  that  the  weight  of  water,  in  the  shape  of  steam,  which 
passes  through  the  cylinder  of  an  engine,  and  produces  a  given  effect,  is  the  best 
practical  measure  of  the  dynamic  efficiency  of  that  steam  ;  and  that  it  is  the  most 
certain  criterion  of  the  economy  of  different  classes  of  engine  in  their  use  of  heat. 

The  habit  of  comparing  the  horse-power,  duty,  tractive  effect,  or  work  of 
an  engine— however  denominated— with  the  weight  of  fuel  consumed  in  doing 
that  work,  confounds  the  results  of  two  dissimilar  and  unconnected  operations ; 
it  has  mystified  the  subject ;  it  has  greatly  tended  to  obscure  our  knowledge  of 
the  actual  degree  of  excellence  attained  by  the  steam-engine ;  and  has  retarded 
the  extension  of  the  most  effective  system  of  applying  steam  as  a  motive  force. 
The  generation,  and  application  of  steam  are  distinct  problems  ;  they  require  to 
be  separately  treated,  and  their  results  to  be  separately  stated.  It  is  the 
economy  of  steam  which  constitutes  the  dynamic  perfection  of  an  engine ;  it  is 
the  economy  of  heat  in  supplying  steam  to  an  engine,  which  constitutes  the 
evaporative  perfection  of  a  boiler  ;  and  it  is  only  by  distinguishing  the  effects 
of  each,  that  the  value  of  any  change  of  practice,  in  either  department,  can  be 
correctly  ascertained.  These  economic  properties  are  totally  independent  of 
each  other,  they  may  co-exist  in  the  same  engine  in  a  maximum  amount,  or  be 
possessed  by  it  in  very  different  degrees.  An  acquaintance  with  the  weight  of 
fuel  burnt,  with  the  weight  of  water  evaporated,  and  with  the  mechanical 
effect  realized,  enables  us  to  determine,  accurately,  the  degree  of  perfection  in 
which  these  properties  are  respectively  found,  in  particular  classes  of  engine, 
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and  in  particular  engines  of  every  class.  These  are  important  practical  pro¬ 
blems,  to  the  solution  of  which,  the  attention  of  engineers  and  employers  of 
engines  should  be  especially  directed.  Their  solution  does  not  involve  the  ap¬ 
plication  of  extraordinary  scientific  acquirements,  nor  does  it  require  experiments 
of  a  very  nice  or  difficult  nature,  nor  the  use  of  corrections  or  data  drawn  from 
theoretical  sources ;  any  person  endowed  with  common  powers  of  observation 
and  experimental  tact,  is  as  capable  of  discovering  the  position  of  an  engine,  in 
the  scale  of  economy,  as  if  he  were  gifted  with  the  genius  of  a  Newton. 

So  long  as  engines  were  constructed  chiefly  by  one  maker,  their  varieties 
few,  and  their  forms  nearly  identical,  an  evaluation  of  their  particulai  economy, 
once  made,  was  a  nearly  sufficient  indication  of  the  performance  of  all ;  but  new 
forms  of  engine,  new,  or  extended  principles  of  applying  steam  have  gradually 
established  themselves  ;  and  a  correct  expression,  or  measure  of  the  performance 
resulting  from  these  several  systems,  has  become,  both  for  practical  purposes 
and  scientific  advancement,  a  matter  of  deep  and  acknowledged  interest. 

It  is,  therefore,  singular  that  a  research  into  the  exact  state  of  the  practice, 
as  regards  the  production  and  consumption  of  power,  by  the  different  varieties 
of  the  steam-engine,  should  have  been  so  little  attended  to  by  engineers. 

It  has  been  my  humble  endeavour  to  contribute  towards  the  fulfilment  of 
this  object,  by  ascertaining  the  requisite  facts  on  engines  within  my  reach,  and 
by  reducing  such  other  authentic  experiments  as  I  could  meet  with,  to  the 
same  common  standards  of  comparison.  Sufficiently  accurate  experiments  (though 
not  so  numerous  as  might  be  wished)  enable  me  to  investigate  several  classes  of 
engine,  and  to  determine  their  relative  expenditure  of  power  and  heat.  They 
comprise  the  atmospheric,  the  stationary  non-condensing  or  high-pressure,  the 
low-pressure  condensing,  and  the  Cornish  high-pressure,  expansive,  pumping 
engines.  Table  VI.  contains  the  facts  established  on  these  four  varieties. 

Locomotive  engines,  and  their  performance,  have  also  been  submitted  to 
frequent  analysis,  but,  for  reasons  which  will  fully  appear  in  the  sequel,  I  have 
deemed  it  requisite  to  classify  them  in  separate  tables  \  it  being  hist  necessaiy 
to  ascertain  the  degree  of  accuracy,  to  which  the  various  experiments  on  this 
class  of  engine  are  entitled,  before  admitting  the  results  obtained  fiom  them  to 
a  place  beside  those  which  deserve  implicit  faith.  It  will  be  seen,  too,  that  the 
determination  of  the  expenditure  of  power,  for  given  effects,  by  other  engines, 
was  a  necessary  step,  and  will  have  largely  contributed  towards  the  successful 
examination  of  the  power  and  performance  of  the  locomotive. 
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OF  THE  METHODS  EMPLOYED  TO  DETERMINE  THE  POWER  OF  ENGINES. 

There  are  two  methods,  in  common  use,  for  determining  the  effective  power 
of  steam-engines ;  the  one,  by  ascertaining  the  resistance  overcome ;  the  other,  by 
employing  some  instrument,  such  as  the  indicator,  to  exhibit  the  load  upon  the 
piston  ;  the  velocity  of  the  latter  being  noted  at  the  same  time. 

The  first  method  is  strictly  applicable  to  pumping  engines  only,  or  to 
engines  raising  appreciable  weights ;  the  second  presents,  perhaps,  as  near  an 
approximation  to  the  truth,  when  applied  to  rotative  engines,  as  that  class 
of  engine  is  susceptible  of.  It  informs  us  of  the  amount  of  force  requisite  to 
overcome  the  friction  of  the  engine,  isolated,  and  of  the  total  force  employed 
under  its  load.  It  is  customary  to  designate  the  difference  of  these  two 
amounts,  the  effective  power  of  the  engine.  This  definition  is  not,  however, 
strictly  correct,  as  the  additional  friction,  to  which  the  moving  parts  of  an 
engine  are  subjected  by  the  load,  is  thus  involved  in  the  expression,  and 
reckoned  as  a  part  of  useful  effect ;  by  that  amount,  therefore,  inconsiderable 
though  it  may  be,  the  determination  of  effective  power,  by  this  method,  is  in 
excess. 

On  the  other  hand,  the  power,  deduced  from  the  duty  of  a  pumping  engine, 
falls  short  of  the  real  effective  power  of  the  steam  used.  This  engine,  when 
applied  in  the  best  manner,  does  not  act  directly  on  the  water ;  the  force  of  the 
steam  is  employed  to  lift  the  pump  rods,  the  weight  of  which,  together  with 
their  friction,  that  of  the  accessory  balance  beams,  or  bobs ,  &c.,  and  of  the  water 
in  the  pipes,  constitute  the  true  load  upon  the  engine  \  the  duty,  therefore,  ascer¬ 
tained  by  the  column  of  water  displaced,  does  not  represent  the  entire  effective 
power  of  the  steam.  The  value  of  these  surplus  frictions  above  the  proper  friction 
of  the  engine,  unloaded,  should  be  added  to  the  duty,  for  the  purpose  of  bringing 
the  Cornish,  or  other  pumping  engine,  to  an  exact  comparison  with  a  rotative 
one,  the  effective  power  of  which  has  been  ascertained  by  the  indicator. 

It  is  thus  evident  that  useful  effect  is  not  always  synonymous  with,  nor  a 
true  measure  of  effective  power.  The  duty  is  the  true  useful  effect  of  a  Cornish 
engine.  The  method  of  ascertaining  it  is  the  fairest  possible,  for  practical 
purposes,  and  it  will  be  apparent  that  the  errors  in  estimating  effective  power 
are  against  the  Cornish,  and  in  favour  of  the  rotative  engines.  I  have  thought 
it  advisable  to  point  out  the  mutual  bearing  of  these  errors  in  computing 
effective  power,  in  order  to  remove  all  suspicion,  that  the  Cornish  engine  may 
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owe  any  portion  of  its  greatly  superior  performance  to  an  exaggerated  esti¬ 
mate  of  the  duty  from  which  its  effective  power  is  deduced. 

The  indicator  may  be  usefully  applied  to  a  Cornish  engine,  to  ascertain  its 
absolute  power  ;  but  as  that  engine  cannot  be  isolated  from  its  load,  so  as  to 
determine  the  separate  value  of  its  own  friction,  the  indications  of  the  instru¬ 
ment  would  not  serve  to  place  the  estimation  of  its  effective  power,  on  an  equality 
with  that  obtained  by  them  from  a  rotative  engine.  The  indicator,  however, 
by  ascertaining  the  total  pressure  on  the  pistons  of  both  engines,  would  inform 
us  of  the  absolute  and  relative  power  derived  from  the  expansive,  and  unex- 
pansive  systems  of  using  steam,  by  enabling  us  to  compare  the  loads  deduced 
from  the  mean  pressure  on  the  pistons,  with  the  weights  of  water  as  steam, 
which  have  respectively  passed  through  the  cylinders,  and  overcome  those  loads. 
But,  in  order  to  obtain  correct  results,  it  is  necessary  to  apply  the  instrument  to 
the  vacuum,  as  well  as  to  the  steam  side  of  the  piston  of  a  single  engine,  it 
being  well  known  that  the  amount  of  vacuum  in  the  cylinder  is  not  identical 
with  that  in  the  condenser,  nor  instantaneously  produced  ;  it  being  also  well 
known  that  the  rapidity  with  which  the  vacuum  is  formed,  affects  the  power  of 
an  engine  in  no  inconsiderable  degree.  It  was  the  perception  of  the  influence 
of  these  phenomena  on  power,  and  economy,  which  led  Watt  to  invent  and  apply 
the  indicator,  as  an  accurate  means  of  ascertaining  the  variable  and  incrementary 
amounts,  both  of  pressure  and  exhaustion,  which  take  place  within  the  cylinder, 
during  a  stroke  of  the  piston,  rather  than  confide  in  deductions  from  uncertain 
data  acquired  from  without  the  cylinder. 

There  is  a  third  method,  by  which  the  absolute  power  of  steam,  communi¬ 
cated  to  an  engine,  can  be  deduced ;  but,  as  its  value  depends  on  a  perfect 
accordance  between  the  results  of  experimental  and  practical  science, — an  accord¬ 
ance  yet  unascertained, — and  since  many  precautions  are  requisite  to  secure  true 
results  from  this  test,  it  has  been  seldom  resorted  to  by  practical  men. 

The  volume  of  water  converted  into  steam,  being  known,  and  also  the 
volume  described  by  the  motion  of  the  piston  within  the  cylinder,  the  load  upon 
the  piston  is  deducible  from  a  knowledge  of  the  elastic  force  of  steam,  corre¬ 
sponding  with  the  ratio  which  the  volumes  of  water  and  steam,  consumed  by  the 
engine,  bear  to  each  other.  It  being  assumed  that  the  densities,  and  consequent 
pressures  of  steam  are  correctly  assigned  to  these  relative  volumes,  it  is  neces¬ 
sary,  for  practical  use,  to  detect  and  fix  the  amounts  of  those  portions  of  the 
steam,  which  are  ineffective  as  power.  These  quantities  vary  in  different 
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engines,  and  must  be  ascertained  for  each  engine.  A  portion  of  the  steam  is 
condensed  by  contact  with  surfaces  of  lower  temperature  than  itself ;  another 
portion  is  useless,  from  its  filling  the  spaces  contained  between  the  piston,  the 
cover  and  bottom  of  the  cylinder,  and  steam-valves.  The  proportion  of  these 
ineffective  to  the  effective  quantities  must,  consequently,  be  deducted  from  the 
volume  of  water,  before  its  true  ratio  to  the  volume  of  effective  steam  can  be 
found  ;  and  care  must  be  taken  that  no  loss  of  water,  or  steam,  take  place,  in 
other  ways,  during  the  experiment. 

There  is  another  source  of  inaccuracy,  which,  if  undetected,  would  alto¬ 
gether  vitiate  this  test;  it  frequently  exists  to  a  considerable  extent,  unsus¬ 
pected  ;  or,  if  suspected,  its  amount  eludes  determination.  I  refer  to  priming.  The 
power  of  an  engine,  whose  boilers  are  subject  to  prime,  cannot  be  investigated  with 
success  by  the  method  of  the  volume  of  steam,  as  will  hereafter  appear  in  the  exa¬ 
mination  of  the  locomotive  engine.  No  value  can  be  attached  to  this  method,  un¬ 
less  the  steam  be  chemically  pure ;  unless  it  be  free  from  particles  of  unvaporized 
water,  mechanically  suspended  in  it,  and  accompanying  it  into  the  cylinder.  But 
in  all  cases  where  the  steam  is  pure,  this  test  may  be  advantageously  used  (un¬ 
der  the  foregoing  precautions)  to  compare  the  absolute  power  of  an  engine,  as  ex¬ 
hibited  by  the  indicator,  or  by  known  resistances,  with  the  absolute  power  re¬ 
sulting  from  the  whole  force  of  the  steam  which  has  operated  upon  the  piston  *. 


OF  THE  MEASURES  OF  EFFECT. 

The  performance  of  pumping  engines  is  commonly  defined  by  the  weight 
in  pounds  which  has  been  raised  one  foot ;  and  this  quantity,  being  divided  by 
the  number  of  fixed  measures,  or  weights  of  fuel,  which  have  been  expended 
in  raising  it,  gives  a  product  termed  the  duty ;  a  phrase  which  very  sig¬ 
nificantly  expresses  its  meaning.  The  relative  performance  of  different  engines 
is  thus  conveniently  found  by  a  comparison  of  the  duty  obtained  from  equal 
measures,  or  weights  of  fuel. 

The  performance  of  rotative  engines  is  commonly  referred  to  the  weight  in 
pounds  which  has  been  raised  one  foot,  during  a  minute  of  time ;  which  sum, 

*  It  is  very  desirable  that  a  series  of  experiments  should  be  instituted  to  demonstrate,  if 
possible,  the  degree  of  accordance  which  may  subsist  between  results  obtained  by  this  process 
on  the  large  scale  of  practice,  from  the  same  engine  working  under  greatly  different  pressures, 
and  the  determinations  of  chemical  philosophers. 


54 


MR.  PARSES  ON 


divided  by  33,000  pounds,  gives  the  expression  of  effect  in  terms  of  horses - 
power ;  a  conventional  phrase,  which,  however  inconsistent  it  may  be  in  its  ap¬ 
plication  to  many  of  the  uses  of  the  steam-engine,  and  however  vague  it  may 
be  as  a  measure  of  the  power  of  a  horse,  is,  nevertheless,  as  good  as  any  other 
expression  we  could  adopt,  for  the  purpose  of  bringing  the  economy  of  various 
engines  to  a  common  standard  of  comparison. 

It  is  usual  to  compare  the  relative  performance  of  engines,  of  the  rotative 
class,  by  the  number  of  pounds  of  fuel  consumed  by  each  horse-power  in  an 
hour.  The  weight  of  fuel  thus  ascertained,  has,  therefore,  raised  1,980,000 
pounds  one  foot  in  60  minutes,  and  it  is  the  duty  done  by  that  weight  of  fuel ; 
whence,  by  simple  proportion,  the  duty  is  obtained  in  terms  of  any  other 
weight  of  fuel. 

In  like  manner,  by  noting  the  time  in  which  the  duty  of  the  pumping  en¬ 
gine  has  been  accomplished,  it  is  readily  reduced  to  terms  of  horses-power ;  so 
that  the  effects  derived  from  engines,  of  both  classes,  are  comparable  under  both 
denominations. 

I  have,  accordingly,  exhibited  (Table  VI.,  columns  8,  9,  10)  the  amount  of 
duty  of  each  engine  as  performed  by  1  lb.,  94  lbs.  (or  the  Cornish  bushel),  and 
112  lbs.  of  coal  respectively,  for  reasons  which  will  appear  in  the  sequel.  The 
weight  of  coal  consumed  per  horse-power  per  hour  is  also  shewn  in  column  15. 

We  have  thus  two  expressions  of  the  effect  obtained  by  equal  weights  of 
coal  from  the  engines  under  comparison  ;  bitt  those  expressions  convey  no  in¬ 
formation  as  to  the  real  expenditure  of  power  in  the  production  of  a  given  effect. 


OF  THE  EXPENDITURE  OF  POWER. 

The  ponderable  element  of  steam  is  water ;  its  consumption  by  an  engine 
is  appreciable ;  and  it  is  now  assumed,  almost  universally,  that  the  sum  of  its 
imponderable  element,  heat,  is  a  constant  quantity,  in  steam  of  all  specific  gra¬ 
vities.  The  elastic  force  of  steam  is  also  generally  assumed  to  be  proportional 
to  its  density ;  thus,  equal  amounts  of  heat  and  water  are  expended  in  the 
generation  of  equal  power,  at  whatever  pressure  steam  be  used  by  an  engine. 
The  correctness  of  these  assumptions,  founded  on  the  experiments  of  many  dis¬ 
tinguished  philosophers,  will  receive  additional  confirmation  from  some  experi¬ 
ments  of  my  own,  purely  practical,  to  be  related  hereafter  *.  Admitting,  then, 

*  Vide  page  70. 
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these  properties  of  steam  to  be  inseparable  from  its  composition,  the  expendi¬ 
ture  of  both  power  and  heat,  is  truly  measured  in  all  engines,  by  the  weight  of 
water  consumed,  as  steam ;  and  the  effects  produced,  being  known,  and  re¬ 
duced  to  a  common  denomination,  the  weights  of  water  so  consumed  indicate 
the  positive,  and  relative  efficiency  of  the  steam  in  different  engines. 

Admitting,  however,  the  supposition  that  the  elementary  constituents  of 
steam  may  not  yet  be  absolutely  defined,  with  equal  accuracy,  throughout  the 
whole  range  of  its  scale ;  and  that  the  proportions  of  heat  to  water,  at  different 
pressures,  may  undergo  changes  not  yet  correctly  ascertained,  the  weight  of 
water  as  steam,  expended  in  the  production  of  a  given  effect,  remains  unim¬ 
paired  in  its  value  as  a  test  of  dynamic  efficiency.  It  becomes,  indeed,  for  these 
very  reasons,  the  more  valuable  for  practical  uses,  than  a  test  derived  from  the 
consumption  of  any  given  measure  of  steam. 

By  knowing  the  evaporation  from  the  boilers,  and,  consequently,  the  weight 
of  water  as  steam  which  passes  through  an  engine,  we  grasp  the  principal  fact 
of  practical  consequence  to  the  engineer ;  a  fact  which  is  free  from  all  uncer¬ 
tainty  in  its  nature ;  which  involves  no  dispute  as  to  its  qualities  or  character¬ 
istics  ;  which  is,  in  no  respect,  mixed  up  with  the  chemistry  of  steam ;  which 
is  independent  of  all  theory,  and  requires  no  correction  to  determine  its  value. 
So  long,  too,  as  the  steam  is  taken  immediately  from  above  the  surface  of  the 
water  in  the  boiler ;  and  so  long  as  it  enters  the  cylinder  of  an  engine  un¬ 
changed,  it  is  in  that  state  which  every  one  understands  by  the  term  steam,  in 
its  common  acceptation ;  and  the  weight  of  water,  which  has  passed  from  the 
boiler  in  that  state,  and  produced  a  certain  effect,  appeals  conclusively  to  the 
understanding  as  indicative,  in  a  comparison  of  engines,  of  their  respective  eco¬ 
nomy  in  the  expenditure  of  power. 

I  have,  accordingly,  computed  the  weight  of  water  as  steam  equivalent  to 
the  production  of  a  horse-power  in  each  engine,  and,  also,  the  duty  effected  by 
one  pound  of  steam.  These  sums  (columns  11  and  16)  denote  the  positive  and 
relative  efficiency  of  the  steam,  in  the  different  engines ;  and,  in  like  manner,  the 
positive  and  relative  efficiency  of  the  fuel  is  exhibited  (columns  10  and  15). 

Under  the  head  Comparative  Economical  Results  (columns  21  and  22),  I 
have  reduced  these  respective  indices  of  efficiency  to  terms  of  the  ratios  which 
each  of  them  bears  to  the  results  obtained  on  Watt’s  engine  at  the  Albion  Mills, 
which  latter  I  have  assumed  as  unity.  The  table  therefore  exhibits, 
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1.  The  precise  value  of  each  engine  in  its  use  of  steam  .  . 

2.  The  precise  value  of  each  engine  in  its  use  of  coal  .  . 

3.  The  precise  value  of  the  boiling  apparatus  attached  to  each 

engine,  as  a  generator  of  steam . 

4.  The  comparative  efficiency  of  the  steam,  or  economy  of 

power,  in  each  engine . 

5.  The  comparative  efficiency  of  the  fuel,  or  economy  of  the 

combustible,  in  each  engine . 


Columns. 
11  and  16 
10  and  15 

17 

21 


22 


OF  THE  PROPORTION  OF  BOILERS  TO  ENGINES. 

Having  thus  arrived  at  an  exact  knowledge  of  the  weight  of  water  as 
steam,  consumed  by  each  engine  in  the  production  of  equal  effects ;  or,  in  other 
words,  of  the  power  resulting  from  the  expenditure  of  equal  weights  of  water 
as  steam,  I  am  able  to  connect  the  boilers  with  the  engines,  and  to  shew  the 
relative  extents  of  heated  surface  which  have  been  employed  to  furnish  their 
power ;  and  it  will  presently  be  seen  how  insufficient  equal  measures  of 
surface  would  be,  to  supply  equal  power,  with  equal  economy,  to  different 
classes  of  engine. 

The  effective  horse-power  of  each  engine,  at  the  time  of  the  experiment,  is 
shewn  in  column  1 2  ;  and  the  heated  surface  of  boiler,  per  horse-power,  in  co¬ 
lumn  18,  obtained  from  the  total  area  belonging  to  the  same  engines,  given  in 
the  table  of  boilers  (column  12,  page  45).  It  would  appear,  by  this  com¬ 
parison,  that  the  Cornish  engineers  employ  about  three  times  more  surface  than 
Watt  did,  reckoned  on  the  horse-power  of  engine;  but,  column  21  informs  us 
that  the  horse-power  is  produced  in  a  Cornish  engine,  (taking  the  mean  of  ex¬ 
periments  VI.  and  VII.,)  by  somewhat  less  than  two-fifths  of  the  steam  con¬ 
sumed  at  the  Albion  Mills :  thus,  the  Cornish  engine,  for  equal  nominal  power, 
has  nearly  eight  times  as  large  a  boiler  surface  as  that  allowed  by  Watt’s  prac¬ 
tice.  But  this  measure  exhibits  no  true  comparison  of  the  proportion  of  genera¬ 
tive  area  to  the  power  expended  by  different  engines ;  for,  the  functions  of  the 
former  are  irrespective  of  the  engine,  and  have  reference  only  to  the  fuel  burnt, 
and  to  the  water  evaporated.  By  column  1 5  it  is  seen  that  the  Cornish  engine 
(using  the  mean  before  stated)  consumed  only  2-J  pounds,  whilst  Watt’s  engine 
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consumed  8^  pounds  of  coal,  per  horse-power  per  hour.  Dividing  the  heated 
areas  of  the  boilers  by  these  respective  amounts,  a  product  is  obtained  which 
shews  the  positive  and  relative  extents  of  surface  for  each  pound  of  coal  burnt 
to  supply  the  two  engines,  with  equal  power,  in  equal  times.  These  results  are 
set  down  in  column  1 9,  and  the  true  relation  of  the  boilers  is  found  to  be  as  19 
to  1,  instead  of  3  to  1. 

Column  20  contains  the  heated  area  of  the  boilers,  proportionate  to  the 
weights  of  water  as  steam,  which  have  produced  equal  power,  in  equal  times,  in 
the  two  engines,  which  gives  a  ratio  of  nearly  1 5  to  1  to  the  Cornish,  in  excess 
over  Watt’s  practice,  instead  of  8  to  1. 

It  will  now  be  apparent  why  I  could  not  assign  the  relation  which  subsists 
between  the  boiling  apparatus  of  any  particular  engine  as  regards  surface,  and 
the  power  of  that  engine,  until  its  consumption  of  steam  and  fuel  were  ascer¬ 
tained.  It  will  also  be  seen  that,  if  the  Cornish  engineers  had  followed  a  rule 
of  boiler-surface,  based  on  the  mere  nominal  horse-power  of  engine,  instead  of 
wisely  continuing  to  augment  the  proportion  of  boiler,  whilst  they  were  gradually 
reducing  the  expenditure  of  steam  as  power,  they  would  have  lost  3-10ths  of 
the  superior  economy  of  their  system. 

These  last  measures,  contained  in  columns  19  and  20,  are,  however,  no  fixed 
rules  as  regards  the  Cornish  practice ;  they  apply  only  to  the  particular  instance 
cited ;  for,  the  proportionate  boiler-surface  necessarily  varies  with  the  degree  of 
economy  of  steam  and  fuel.  Experiments  VIII.  and  IX.,  on  two  other  Cornish 
engines,  exhibit  a  large  diminution  in  the  consumption  of  fuel,  and  water  as 
steam,  for  equal  power,  compared  with  experiments  VI.  and  VII. ;  and,  though 
I  have  not  the  particulars  of  the  boilers,  we  may  be  well  assured  that  their 
evaporation  was  fully  equal  to  that  from  the  others  *  ;  and,  consequently,  that 
their  heated  areas  were  in  the  same  proportion.  Assuming  this  to  be  the  case, 
the  surfaces  of  the  latter,  reduced  to  the  terms  of  columns  19  and  20,  would 
be  larger  ;  and,  for  experiment  X.,  we  should  find  them  increased  from  the  ratios 
of  19  and  15,  as  in  experiments  VI.  and  VII.,  to  27  and  21  to  1,  in  excess  over 
Watt’s.  The  performance  of  the  expansive  pumping  engine  is  subject  to  fluc¬ 
tuations  ;  and  the  measure  of  boilers,  taken  as  above,  necessarily  changes  with  the 
power  consumed ;  the  one  being  a  constant,  and  the  other  a  variable  quantity. 

Well  made  rotative  unexpansive  engines,  whether  of  the  condensing  or  non¬ 
condensing  kind,  can  vary  but  little  in  their  respective  consumption  of  steam, 

*  Vide  page  63. 
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for  a  given  power,  at  different  periods ;  but  their  boilers,  to  produce  steam  with 
equal  economy,  must  necessarily  be  proportioned  to  the  weights  of  water,  which 
have  to  be  vaporized,  in  order  to  create  the  power.  Thus,  a  high-pressure 
non-condensing  engine  would  require  fths  more  generative  area  than  the  con¬ 
densing  engine,  to  be  upon  a  par  with  it  in  calorific  economy,  as  the  former  con¬ 
sumes  fths  more  steam  than  the  latter,  for  equal  effects. 

All  engines  may  be  furnished  with  boilers  possessing  equal  evaporative  eco¬ 
nomy,  that  being  a  result  derived  from  the  amount  of  surface,  and  other  quali¬ 
ties  previously  explained ;  and  the  best  rule,  if  it  be  necessary  to  prescribe  one 
so  obvious,  is  to  adopt  that  measure  of  surface  which  has  afforded  the  greatest 
evaporative  effect  from  a  given  weight  of  fuel.  The  weight  of  water  as 
steam,  consumed  per  horse-power  per  hour,  being  shewn  in  column  1 6,  the  total 
vaporization  required  in  an  hour,  by  any  good  engine  of  the  classes  examined,  is 
obviously  obtained  by  multiplying  that  weight  by  the  number  of  horses-power 
of  the  engine  in  question  ;  and  the  total  generative  area  requisite  for  realizing 
the  maximum  effect  hitherto  obtained  from  coal,  will  be  to  employ  as  many 
Superficial  feet  of  heated  surface,  as  pounds  of  water  used  per  hour.  This  is  the 
Cornish  measure,  as  will  appear  by  consulting  the  table  of  boilers,  and  is  re¬ 
ferable,  strictly  speaking,  to  the  Cornish  form,  strength,  and  setting  of  boilers, 
rate  of  combustion  of  fuel,  &c. 

OBSERVATIONS  ON  THE  EXPERIMENTS,  AND  TIIEIR  RESULTS. 

The  first  experiment  in  the  table  is  by  Smeaton,  on  his  improved  New¬ 
comen  engine. 

This  experiment  is  particularly  interesting,  as  a  record  of  the  consumption 
of  power,  by  a  good  specimen  of  the  earliest  steam-engine,  which  can  be  con¬ 
sidered  as  having  exerted  any  important  influence  on  the  economy  of  the  arts. 
It  was  also  the  great  predecessor  and  type  of  Watt’s  engine  ;  whose  improve¬ 
ments  upon  it  consisted  chiefly  of  additions  affecting  its  economical  use  of  steam, 
retaining  the  great  principle  of  condensation,  together  with  the  mechanical  struc¬ 
ture,  viz.  cylinder,  piston,  beam,  and  self-acting  valves  ;  apparatus  which  con¬ 
tinue  in  use  at  the  present  day,  with  the  advantage  only  of  superior  workman¬ 
ship,  and  of  more  perfect  mechanical  contrivances. 

Newcomen’s  engine  must  ever  be  regarded  by  engineers  with  a  species  of 
veneration,  as  the  great  forefather,  and  founder  of  the  whole  race  of  steam- 
engines.  The  numerous,  beautiful,  and  highly  scientific  combinations  to  which 
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the  steam-engine  owes  its  modern  perfection,  have  always  appeared  to  me  to  be 
entitled  but  to  secondary  claims  in  the  award  of  merit,  compared  'with  that  due 
to  Newcomen  and  his  compeers,  who,  in  reality,  created  it.  Prolific  as  the  genius 
of  Watt  must  be  regarded;  immeasurably  important  to  mankind  as  were  the 
consequences  of  his  discoveries;  we  must  not  overlook  the  fact  that  the  steam- 
engine  was  already  invented ;  that  it  was  already  a  mighty  instrument  of  me¬ 
chanical  force  ;  and,  though  W att  greatly  reduced  its  expenditure  of  power  by 
one  contrivance,  and,  by  another,  made  it  applicable  to  rotative  purposes — there¬ 
by  enlarging  the  bounds  of  its  usefulness  beyond  calculation — we  must  bear  in 
mind  that  the  great  problem  was  already  solved ;  and  that,  strictly  speaking, 
Watt’s  improvements  were  only  corollaries,  requiring,  doubtless,  more  than 
ordinary  talent  to  apply  them,  yet  they  were  improvements,  not  creations. 

Following,  in  these  remarks,  the  order  of  invention,  rather  than  the  order  of 
the  experiments  in  the  table,  it  appears  that  the  economy  of  Watt’s  rotative 
condensing  engine,  at  the  Albion  Mills,  (Experiment  V.,)  with  reference  to  its 
consumption  both  of  steam  and  fuel,  was  double  that  of  Smeaton’s  Newcomen. 
The  performance  of  that  rotative  engine,  measured  by  the  duty,  corresponds, 
also,  so  nearly  with  the  best  work  done  by  Watt’s  pumping  engines  in  Corn¬ 
wall*,  that  the  comparison  holds  good  for  both  kinds. 

No  improvement  in  the  science  of  the  unexpansive  condensing  engine  has 
taken  place  since  Watt’s  day ;  and  there  are,  probably,  very  few  engines  of 
this  class,  which  perform  their  work  with  so  small  a  waste  of  steam,  or  fuel,  as 
the  one  experimented  upon  at  the  Albion  Mills,  which  approached  very  nearly  to 
perfection  in  the  use  of  power,  obtainable  from  that  principle. 

The  next  great  advance,  in  the  economy  of  power  and  fuel,  had  its  origin 
in  Cornwall ;  the  merit  of  it  is  wholly  due  to  the  Cornish  engineers ;  to  whom 
belongs,  also,  the  merit,  not  only  of  having  carried  the  system  adopted  by  them 
for  pumping  engines,  to  a  degree  of  perfection  which  eclipses  the  performance  of 
every  other  description  of  engine,  but  of  applying  it  to  rotative  purposes,  with 
effects  far  exceeding  those  of  the  common  condensing  engine.  The  rise  and 
progress  of  this  vast  improvement  is  so  well  traced  by  Messrs.  Lean,  in  the 
useful  and  highly  instructive  compendium  already  referred  to,  that  all  observa¬ 
tions  from  me  would  be  a  work  of  supererogation. 

Experiments  VI.  and  VII.  exhibit,  I  believe  for  the  first  time,  the  precise 

*  Lean’s  Historical  Statement  of  the  Duty  of  Steam  Engines  in  Cornwall,  page  8  ;  compiled 
for  the  British  Association  for  the  Advancement  of  Science,  1839. 
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amount  of  the  superiority  of  this  engine  over  others,  and  it  is  seen  that,  when 
doing  an  80  million  duty,  it  excels  Watt’s  by  2-J,  and  Newcomen’s  engine  5 
times,  in  economy  of  power;  and,  that  it  excels  them  3j  and  7  times  re¬ 
spectively,  in  economy  of  fuel.  It  is  also  seen  that  a  Cornish  engine  (Experi¬ 
ment  IX.)  has  exceeded  the  same  engines  4-|  and  9  times  respectively,  in  eco¬ 
nomy  of  power  ;  and  5f  and  Ilf  times  respectively,  in  economy  of  fuel. 

Such  has  been  the  progress  of  invention,  estimated  by  economy  in  the  ex¬ 
penditure  of  power,  between  the  years  1772  and  1835. 

It  is  not  my  intention,  were  it  even  in  my  power,  to  enter  here  into  any 
analysis  of  the  causes  of  the  greatly  superior  effect  derived  from  steam, 
when  used  on  the  Cornish  system.  My  principal  object  has  been  to  arrive  at 
practical  determinations  of  the  consumption  of  power,  considered  apart  from  the 
consumption  of  fuel,  by  each  engine.  The  doubts  entertained  by  many  persons 
of  the  accuracy  of  the  Cornish  statements  of  duty,  and,  consequently,  of  the 
effects  derived  from  the  use  of  expansive  steam,  are  chiefly  attributable  to  the 
Cornish  method  of  rating  the  duty  by  the  fuel,  rather  than  by  the  power  really 
expended.  By  separating  these  results,  I  hope  that  I  shall  have  removed  one 
great  cause  of  distrust,  which  has  certainly  operated  to  retard  the  extension  of  the 
expansive  system  of  using  steam  to  several  other  classes  of  engine,  to  which  it  is 
Well  suited  ;  and  that  I  shall  have  cleared  away  obstacles  to  our  arriving,  at 
some  not  distant  period,  at  a  successful  discrimination  of  the  inherent  value  of 
the  expansive  action  of  steam,  and  of  its  value  when  combined  with  the  me¬ 
chanical  action,  and  peculiar  work  of  a  steam-engine.  These  are  problems,  of  a 
nature  distinct  from  the  practical  facts  now  sought,  and  require  very  nice  expe¬ 
riments  for  their  solution.  It  has  been  customary,  on  the  one  hand,  to  assign  the 
superiority  of  the  Cornish  engines  solely  to  the  use  of  steam  of  high  elastic  force 
greatly  expanded ;  and,  on  the  other  hand,  to  dispute  the  value  of  expansion. 
Too  much,  perhaps,  has  been  claimed  for  that  principle,  and  too  little  granted, 
by  the  controversialists.  It  is  now  shewn  (column  21)  in  what  ratio  over 
other  engines,  the  efficiency  of  steam  is  increased,  by  the  Cornish  system  of  em¬ 
ploying  it,  separate  from  all  consideration  of  the  greater  or  less  work  done  by 
the  coal,  whether  arising  from  peculiarities  in  the  structure  of  the  boilers,  from 
the  calorific  strength  of  the  coal,  or  other  causes.  We  are  not,  however,  justi¬ 
fied  in  concluding  that  the  great  dynamic  advantage,  still  resulting,  is  due  to 
the  single  circumstance  of  that  engine  being  worked  by  highly  elastic  steam, 
greatly  expanded  ;  other  causes  may  contribute  to  produce  the  effect. 
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It  is  necessary,  also,  to  guard  against  conclusions  which  might  be  deduced, 
from  a  comparison  of  the  effects  of  the  Cornish  engines  in  the  table,  with  the 
pressures  on  the  piston  and  degrees  of  expansion,  set  down  in  columns  5  and  6. 
The  pressures  given  were  not  ascertained  by  any  instrument,  (excepting  at  Huel 
Towan,)  and  must  be  considered  only  as  estimations,  not  as  facts.  The  pres¬ 
sure  upon  the  piston  during  the  interval  which  occurs  between  the  first  ad¬ 
mission  of  steam  into  the  cylinder,  and  the  instant  of  shutting  it  off,  may  be 
very  variable ;  that  it  was  so,  in  several  engines  to  which  Mr.  Henwood  ap¬ 
plied  the  indicator,  is  evident  from  the  diagrams  he  has  given,  annexed  to  his 
paper.  (Trans.  Inst.  C.  E.  Vol.  II.)  At  the  Huel  Towan  engine,  when  the  steam 
in  the  boilers  was  at  a  pressure  of  47.1  lbs.  above  the  atmosphere,  it  varied  from 
12.3  lbs.  to  7-3  lbs.  per  square  inch  on  the  piston,  during  its  admission  into  the 
cylinder ;  which  latter  was  its  elastic  force,  at  the  instant  of  closing  the  steam- 
valve  *.  I  adduce  these  facts,  with  the  view  of  shewing  the  impossibility  of 
determining  the  precise  amount  of  pressure  on  the  piston,  from  the  degree  of 
wire-drawing  the  steam  ;  and  as  a  caution  against  expectations  of  deducing  any 
valid  theory  of  the  action  of  the  steam,  in  these  Cornish  engines,  from  the  par¬ 
ticulars  of  pressure  and  expansion,  contained  in  the  Table,  which  are  only  ap¬ 
proximations  to  the  truth. 

A  few  observations  are  necessary,  with  reference  to  the  correctness  of  the 
weights  of  water  as  steam,  assigned  as  the  consumption  of  the  Cornish  engines. 
The  Huel  Towan  engine  was  experimented  upon  by  Mr.  Henwood,  with  all  due 
care,  during  24  hours ;  the  results  of  the  United  Mines  experiments  are  drawn 
from  a  registration  of  water,  fuel,  and  duty,  during  eight  months  of  continuous 
work.  In  my  paper  on  evaporation,  (Trans.  Inst.  C.  E.  Vol.  II.  p.  175,)  I  no¬ 
ticed  the  very  considerable  differences  in  the  monthly  returns  of  water  vaporized 
at  the  latter  engine  ;  which,  however,  I  considered  to  be  accounted  for,  by  the 
statement  given  in  the  note  to  that  page.  The  subsequent  investigation  of  the 
boilers  of  these  two  engines,  the  near  correspondence  between  their  extents  of 
surface  exposed  to  heat,  their  near  equality  in  the  rate  of  combustion,  &c.,  as 
shewn  in  the  Table  of  boilers,  justify  the  assumption,  that  the  United  Mines  ex¬ 
periment  is  worthy  of  belief.  As  such  I  have  introduced  it,  being  in  close  agree¬ 
ment  with  Mr.  Hen  wood’s  results ;  and  I  can  see  no  more  reason  for  doubting  the 
one  than  the  other.  Mr.  Hosking,  the  resident  engineer  at  the  United  Mines, 
obligingly  remeasured  the  boilers,  and  supplied  me  with  all  the  particulars  re¬ 
lative  to  them  and  to  the  engine,  which  I  required  to  complete  the  Tables. 

*  These  facts  were  communicated  to  me  by  Mr.  Henwood. 
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I  have  applied  the  mean  of  evaporation  obtained  by  a  pound  of  coal  from 
the  boilers  of  the  above  named  engines,  as  data  for  the  determination  of  the 
consumption  of  water  as  steam,  in  two  others ;  viz.,  the  one  at  Holmbush, 
(Experiment  VIII.),  whose  performance  and  fuel  were  so  accurately  ascertained 
by  Mr.  Wicksteed  ;  and  of  the  Fowey  Consols  engine,  (Experiment  IX.,)  which 
formed  the  subject  of  the  celebrated  trial  in  1835. 

Knowing,  as  we  now  do,  the  product  of  steam  from  a  given  surface  of  the 
Cornish  boilers ;  knowing  also,  that  the  Cornish  engineers  habitually  allow  that, 
or  a  nearly  corresponding,  extent  of  surface,  for  the  production  of  similar  effects ; 
we  are  as  much  justified  in  assuming  a  similar  performance  to  result,  in  all 
cases,  as  we  know  would  take  place,  if  an  engine  of  the  same  dimensions  as 
Watt’s,  at  the  Albion  Mills,  with  equal  power  of  boilers,  were  experimented 
upon. 

Of  the  amount  of  duty  at  Holmbush,  there  cannot  exist  a  doubt;  the  water 
raised  was  weighed,  and  measured.  Mr.  Wicksteed’s  experiment  thereby  esta¬ 
blishes  the  general  accuracy  of  the  Cornish  statements  of  the  duty  done  by 
their  engines  ;  and,  as  the  duty  of  the  Fowey  Consols  was  the  subject  of  a 
most  patient  and  careful  trial,  during  24|  hours,  by  a  committee  of  perfectly 
competent  persons,  I  regard  it — though  exceeding  in  amount  all  previous  and 
subsequent  trials — as  authentic  as  any  other  on  record. 

As  the  evaporation  was  not  ascertained  at  either  of  those  engines,  a  ques¬ 
tion  might  be  started,  whether  their  additional  duty,  compared  with  the 
United  Mines  and  Huel  To  wan  engines,  may  not  have  arisen  from  a  superior 
evaporation  per  unit  of  coal,  rather  than  from  a  superior  dynamic  effect,  ob¬ 
tained  from  the  steam  generated.  In  the  case  of  the  Fowey  Consols,  I  have 
satisfied  myself,  by  enquiries  of  Mr.  VTest,  the  maker  of  the  engine,  that  the  in¬ 
creased  performance  was  due  to  the  better  use  of  the  steam  in  the  engine,  not 
to  any  greater  evaporative  product  from  those  particular  boilers.  Mr.  West 
states  that  during  the  trial  in  1835,  the  evaporation  was  100  gallons  from  the 
temperature  of  the  hot- well,  by  the  bushel  of  94  lbs.,  that  is  10.63  lbs.  of  water 
vaporized  by  1  lb.  of  coal.  In  reply  to  a  second,  and  more  recent  enquiry,  Mr. 
W est  writes,  as  follows : 

“  I  have  made  another  trial,  for  the  purpose  of  ascertaining  the  quantity  of 
water  evaporated,  by  the  consumption  of  a  bushel  of  coals,  (94  lbs.,)  and  find 
it  come  very  near  my  former  experiment.  The  trial  was  as  follows.  The  feed 
plunger-pole  and  its  stroke  were  accurately  measured ;  the  number  of  strokes 
made  in  24  hours  amounted  to  1920  ;  the  diameter  of  the  pole  is  6  inches  ;  the 
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stroke  2  feet  6  inches,  being  equal  to  a  little  more  than  3  gallons  per  stroke,  or 
5873  gallons  in  the  24  hours,  in  which  time  60  bushels  of  coals  were  con¬ 
sumed,  making  98  gallons  to  a  bushel.  The  temperature  of  the  water  in  the 
hot-well  was  85  ,  and  on  entering  the  boilers  from  the  warming  tube,  about 
1 80°.  The  pump  and  boilers,  at  the  time  I  made  the  experiment,  were  in  good 
order.  The  full  length  of  the  stroke  of  the  feed-pump  is  2  feet  7  inches,  from 
which  I  have  deducted  one  inch,  to  allow  for  waste,  &c. 

“  When  our  engine  at  Fowey  Consols  was  on  trial,  the  steam,  on  entering 
the  cylinder  was  about  27  lbs.  pressure  on  each  square  inch,  and  cut  off  at 
i  stroke.” 

This  second  experiment  gives  10.41  lbs.  as  the  evaporation  by  1  lb.  of  coals ; 
and  the  mean  of  the  two  is  10.52  lbs.  The  mean  of  the  two  experiments  at  the 
Huel  Towan  and  United  Mines,  is  10.51  lbs..  The  evaporative  results  are, 
theiefore,  identical  r,  and  the  difference  betwnen  the  duty  of  the  enmnes,  is 
attributable,  only,  to  the  difference  in  their  respective  expenditure  of  power,  to 
produce  equal  effect ;  or,  in  other  words,  to  their  respective  dynamic  efficiency. 

Experiment  IV.,  made  by  myself  at  Warwick,  on  my  own  engine  of  Boul¬ 
ton  and  Watt’s  construction,  is  the  result  of  observations  continued  for  several 
months,  and  is  strongly  corroborative  of  the  results  obtained  at  the  Albion 
Mills. 

In  the  conditions  of  the  two  experiments,  there  are,  however,  some  points 
of  importance  to  notice.  It  is  requisite  to  distinguish  between  the  nature  of 
the  loads  on  the  two  engines  ;  the  Albion  Mills  engine,  grinding  corn ;  the 
W arwick  engine,  driving  worsted  spinning  machinery.  The  load  of  the  first 
was,  consequently,  by  far  the  most  uniform  of  the  two.  My  experiment  in¬ 
cludes  the  waste,  and  loss  of  steam,  attendant  on  occasional  short  stoppages  ; 
to  which  all  manufactories  are  liable.  The  engine  was  fully  loaded,  but,  like 
all  manufacturing  engines,  its  load  was  subject  to  continual,  almost  to  mo¬ 
mentary,  fluctuations.  It  had,  generally,  to  be  started,  with  such  a  load  upon 
it,  three  times  a  day,  as  to  require  blowing  through  each  time — an  operation 
which  swallows  much  steam  but  no  estimate  of  that  useless  consumption 
could  be  formed. 

The  fuel,  at  the  Albion  Mills,  was  that  expended,  simply,  in  supplying  10 
hours  steam  to  the  engine.  The  fuel,  at  Warwick,  worked  the  engine  during 
1 1  i  hours  each  day,  and  includes  the  loss  to  maintain  the  boilers  hot,  during 

*  The  correspondence  is  the  more  satisfactory,  as  the  experiments  were  made  at  different  en¬ 
gines,  at  different  periods,  by  different  persons,  and  by  different  methods. 
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12-J  idle  hours,  out  of  the  24  hours  ;  but,  as  no  steam  was  ever  permitted  to 
blow  away  through  the  safety  valves,  the  consumption  of  water  as  steam, 
which  did  the  work,  is  absolutely  correct. 

At  the  period  of  my  entering  on  these  experiments,  I  was  unacquainted 
with  the  indicator  ;  but  that  instrument  was,  in  the  course  of  them,  applied  to 
the  engine  by  Mr.  Creighton,  of  Soho ;  and  its  load,  with  all  the  machinery  at 
work,  was  determined  by  him  to  be  26  horses  power.  The  mean  load  was, 
probably,  somewhat  less  than  this,  but  it  is  impossible  to  say  by  how  much ; 
nor  can  a  nearer  approach  to  accuracy  be  obtained  from  any  engine,  working 
under  similar  circumstances.  It  is  a  specimen  of  the  practical  expenditure  of 
power  and  fuel,  in  a  manufacturing  engine ;  the  nature  of  which  does  not, 
however,  admit  of  sufficiently  exact  results  to  justify  theoretical  deductions. 
The  pressure  of  steam  on  the  piston,  sometimes  exceeded,  and  sometimes  fell 
short  of  the  pressure  of  the  atmosphere ;  and  I  have  called  it  equal  in  co¬ 
lumn  6.  Deducting  iVth  for  the  loss  of  steam  at  each  stroke,  arising  from  the 
steam  passages,  jacket,  and  other  waste,  the  ratio  of  the  volume  of  steam  con¬ 
sumed,  to  that  of  the  water  which  produced  it,  comes  out  as  1720  to  1  ;  shew¬ 
ing  the  force  of  steam  upon  the  piston  to  have  about  balanced  the  atmosphere. 

The  daily  and  hourly  registration  of  the  water  as  steam  which  passed 
through  the  cylinder,  gave  me  an  insight  into  the  exact  state  of  the  engine, 
and  its  load,  at  all  times.  The  practical  value  of  this  knowledge  can  scarcely  be 
overrated.  The  engine  was  an  old  one  ;  the  piston  packed  with  hemp ;  the  cy¬ 
linder  a  good  deal  worn  ;  but  we  were  warned  of  any  increase  in  the  expenditure 
of  steam,  by  the  hourly  consumption  of  water  ;  so  that  a  defect  was  searched  for, 
and  a  remedy  applied  with  the  least  possible  loss  of  steam.  Though  the  mean 
consumption  was  70  lbs.  of  water  per  horse  power,  per  hour,  I  have  known 
80  lbs.  consumed  when  the  packing  was  worn,  or  the  vacuum  less  perfect  than 
usual ;  and  I  was  never  able  to  reduce  the  consumption  of  water  lower  than 
65  lbs.  per  horse,  per  hour,  for  many  hours  successively. 

I  once  made  an  experiment  to  ascertain,  during  a  whole  day,  the  consump¬ 
tion  of  steam  by  the  engine,  working  idle — and,  afterwards,  with  the  whole 
machinery,  working  idle,  i.  e.  unclothed  with  wool — with  the  view  of  arriving 
at  a  knowledge  of  the  real  power  consumed  by  the  processes  of  the  manu¬ 
factory  ;  but,  unfortunately,  I  either  did  not  note  down  the  results,  or  have  lost 
them.  Such  experiments  would  be  very  valuable  to  manufacturers ;  for,  though 
the  indicator  informs  us  of  the  pressure  on  the  piston,  it  does  not  disclose  the 
expenditure  of  power;  the  registration  of  the  water,  alone,  unfolds  this  know- 
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ledge.  It  checks,  and  tests  the  industry  and  skill  of  the  attendant  engineer  ;  it 
informs  him  of  the  state  of  his  boilers,  of  his  engine,  or  of  that  of  its  load,  which, 
from  carelessness,  is  often  greatly  increased  for  want  of  oil,  &c. ;  and  it  instructs 
the  master  as  to  the  numerous  causes  of  waste,  and  the  expensive  consequences 
of  negligence. 

In  comparing  the  results  of  this  engine  with  those  of  the  Albion  Mills,  it 
would  appear,  from  the  duty  tested  by  the  fuel,  that  the  former  had  the  advan- 
tage ,  whence,  it  would  be  concluded,  that  the  TVffrwick  was  the  better  engine 
of  the  two,  but  when  brought  to  the  true  test  of  the  efficiency  of  the  steam  in 
each,  it  is  seen  that  the  Albion  Mills  engine  had  a  slight  preponderance  in  its 
favour.  The  evaporative  superiority  was  obtained  in  the  Warwick,  through 
the  careful  nursing  and  system  of  management  explained  in  my  paper  on  Eva¬ 
poration,  and  at  pp.  12  and  13  on  the  Boilers. 

Experiments  II.  and  III.,  on  two  high-pressure  non-condensing  engines, 
were,  also,  made  by  myself.  I  attached  great  importance  to  both  these  expe¬ 
riments,  and  conducted  them  with  all  the  care  of  which  I  was  capable,  being- 
unacquainted  with  any  practical  determinations,  by  engineers,  of  the  consump¬ 
tion  of  steam  by  this  class  of  engine. 

Experiment  II.  The  engine  drove  a  silk  mill,  and  being  employed  by  its 
owner  to  reset  the  boilers,  I  determined,  at  the  same  time  that  I  ascertained  the 
amount  of  evaporation,  previous  to  altering  the  boilers,  to  ascertain,  also,  the 
load  on  the  engine.  I  used  the  indicator,  and  continued  the  experiments 
during  three  successive  days  ;  the  mean  of  these  is  set  down  in  the  Table. 

The  water  was  injected  into  the  boilers  from  a  measured  vessel ; _ the  valves, 

and  piston  were  perfectly  tight,  but  the  cylinder  was  not  jacketed  ;  and  as  the 
valves  were  only  single,  (set  half  way  between  the  top  and  bottom  of  the  cy¬ 
linder,)  I  attribute  the  excess  in  the  consumption  of  water  as  steam  by  this 
engine  over  the  next  related  experiment,  to  the  greater  quantity  of  ineffective 
steam  wasted  in  the  passages,  and  to  condensation  in  the  cylinder,  for  want  of 
a  jacket. 

Expeiiment  III.  This  engine  drove  bark  mills,  and  other  machines.  I 
was  engaged  to  arbitrate  a  dispute  between  the  maker,  and  owner  of  the  en¬ 
gine,  respecting  its  power.  I  found  the  engine  perfectly  well  made ;  the  cy- 
lindei  jacketed,  and  clothed  outside ;  the  valves  double,  with  no  extraneous 
spaces  ;  the  piston  had  metallic  packings  ;  but  the  boilers  were  insufficient  in 
surface,  and  ill  set.  Evaporative  economy  was,  consequently,  low.  I  had  no 
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indicator,  and  usod  the  mercurial  column,  with  a  stop  cock,  io  deteimine  the 
pressure  on  the  piston.  The  Table  gives  the  mean  of  numerous  trials,  which 
varied  but  little  from  each  other.  There  was,  originally,  a  loss  of  power  in 
this  engine,  arising  from  too  contracted  eduction  pipes ;  these  were  enlarged,  so 
as  to  relieve  the  piston  from  any  counter  resistance  beyond  that  of  the  atmo¬ 
sphere  ;  and  the  results  stated,  were  obtained  after  this  alteration. 

In  both  experiments,  I  ascertained  that  the  boilers  did  not  prime,  (of  which 
I  had  some  suspicion  from  their  small  dimensions,)  by  testing  the  evaporation, 
with  the  man-hole  covers  removed,  which  corresponded  very  nearly  with  the 
product  from  equal  weights  of  coal,  burnt  at  the  same  late  as  when  the  engines 
were  at  work. 

The  comparison  of  the  duty  done  by  1  lb.  of  coal,  and  I  lb.  of  water,  as 
steam,  (columns  10  and  11,)  shews  that  the  respective  efficiency  of  these  two 
engines,  would  be  incorrectly  estimated  by  the  fuel  consumed.  The  expendi¬ 
ture  of  power,  for  equal  effects,  by  each,  is  seen  truly  in  columns  11  and  16. 
The  near  coincidence  between  the  results  of  these  two  trials  is  satisfactory , 
and,  I  think,  conclusive  as  to  the  expenditure  of  power  by  this  class  of  engine, 
though  it  is  somewhat  less  in  amount  than  I  have  commonly  heard  assigned  to 
it.  I  am  acquainted  with  a  mine  engine,  which  was  worked  either  on  the 
condensing,  or  non-condensing  principle,  according  to  the  supply  of  water  ;  and 
the  coal  accounts  shewed  that,  in  the  latter  state,  when  using  steam  at  about 
1 5  lbs.  pressure,  it  consumed  about  twice  as  much  fuel  as  when  condensing.  I 
have  heard  similar  statements  from  several  respectable  quaiteis,  and  think  it 
very  probable  that  such  would  be  the  approximate  results,  fiom  engines  so  con¬ 
verted  ;  but  experiments  of  this  nature  are,  evidently,  inadequate  to  determine 
the  true  relation  of  the  efficiency  of  steam  on  the  two  systems. 

The  Table  thus  comprises  determinations  of  the  positive,  and  comparative 
excellence  of  the  three  great  classes  into  which  steam  engines  may  be  divided. 
Of  these  there  are  varieties,  which  must  partake,  in  a  greater  or  lesser  degree, 
of  the  advantages  of  each  system. 

The  Cornish  engineers  have  recently  extended  the  application  of  their 
system  to  rotative  purposes,  by  engrafting  rotation  on  single,  as  well  as  double¬ 
acting  engines ;  and  they  have  already  attained  the  high  duty  of  60  millions 
and  upwards* — a  convincing  proof  that  the  benefit  to  be  derived  from  the  use 
of  greatly  expanded  steam,  is  not  limited  to  pumping  engines.  Marine  en- 

*  Lean’s  Monthly  Reports. 
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gineers  are  slowly  following  in  the  wake  of  the  Cornish  ;  prudentially,  too,  as 
there  are  many  other  considerations  of  importance  besides  economy  of  power, 
in  a  steam-vessel ;  but  there  can  be  no  doubt  that  diminished  expenditure  of 
power,  and,  consequently,  of  fuel,  will  accompany  the  closer  imitation  of  the 
Cornish  practice.  The  combination  of  two  engines,  and  the  momentum  of  a 
steam-vessel,  are  elements,  per  se,  particularly  favourable  to  the  application  of 
this  system  in  its  fullest  extent,  to  the  purposes  of  marine  locomotion ;  but  the 
extent,  to  which  it  can  be  practically  adopted,  is  a  question  to  be  settled  only 
by  experience,  carefully,  and  gradually  acquired. 

It  is  a  question,  also,  whether  the  extreme  use  of  the  Cornish  system  is 
suitable  for  those  manufacturing  engines,  one  great  and  essential  quality  of 
which  is  uniformity  of  motion.  A  steady  velocity  in  the  motive  power,  is  of 
such  consequence  in  cotton  spinning,  and  several  other  of  the  arts,  that  any  loss 
of  it  would  be  dearly  bought  by  economic  gain.  The  momentum  of  machinery 
of  this  description,  is  but  trifling ;  and  an  equivalent  must  be  found  for  it,  in 
order  to  obtain  the  whole  value  of  the  Cornish  expansive  system.  With  the 
degree  of  uniformity  of  motion,  attained  by  expansive  rotative  engines  in  Corn¬ 
wall,  I  am  unacquainted ;  this  should  be  a  matter  of  investigation  by  persons 
desirous  of  availing  themselves  of  their  economy,  for  uses  which  require  such 
precise,  and  unvarying  speed. 

The  continuous  working  of  a  steam-engine  is  productive  of  a  large  saving  in 
fuel.  A  residence  of  some  years  in  Manchester  enabled  me  to  inform  myself  of 
the  average  consumption  of  coal,  by  the  best  engines  in  that  town  and  neigh¬ 
bourhood ;  which,  being  rated  at  about  1^  hundred  weight,  per  horse-power, 
per  diem,  or  15  lbs.  per  horse,  per  hour,  ma}^  be  considered  as  below,  rather 
than  above  the  mean.  Of  this  quantity,  it  is  estimated  that  one  third  is  wasted 
in  raising  the  steam  each  morning — in  the  loss  occasioned  by  meal-time  stop¬ 
pages — and  in  the  consumption  of  the  night.  Much  of  this  waste  is,  doubtless, 
owing  to  careless  management,  to  the  neglect  of  covering  boilers,  &c. ;  such  is, 
however,  the  expenditure  of  fuel,  in  present  practice,  in  Lancashire.  A  Cornish 
engine,  when  doing  an  80  million  duty — a  performance  lower  than  Cornish  en¬ 
gineers  would  guarantee — accomplishes  the  same  work  as  a  Manchester  engine, 
with  one  sixth  the  expenditure  of  fuel.  It  has  been  suggested,  that  fully  three- 
fourths  of  the  entire  effect  of  a  Cornish  engine  would  be  realized,  and  the  most 
uniform  of  motions  obtained,  by  employing  this  engine  to  raise  water  upon  a 
wheel,  and  thus  transfer  its  power  to  machinery.  The  engine  might  then  be 
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kept  continually  at  work,  and  the  horse-power  would  be  obtained  by  the  con¬ 
sumption  of  about  3  pounds  of  coal  per  hour. 

This  would,  probably,  be  the  cheapest  of  all  means  of  obtaining  power,  for 
stationary  purposes  on  railways,  where  fixed  engines  must  lose,  by  waste,  a  very 
much  larger  proportion  of  steam  and  fuel  than  manufacturing  engines,  owing  to 
the  greater  irregularity  of  the  demand  upon  them.  The  pumping  engine  may  be 
kept  at  work  without  intermission ;  its  rate  may  be  accurately  accommodated 
to  immediate,  or  anticipated  wants  ;  and  the  use  of  a  reservoir,  of  very  mode¬ 
rate  dimensions,  would,  at  all  times,  secure  a  supply  of  power,  available  at  a 
moment’s  warning,  by  night  or  day.  These  arrangements  are  practicable  in  all 
situations  where  a  sufficiency  of  water,  for  injection,  exists  ;  little  waste  would 
arise  from  the  wheel,  its  water  being  continually  returned  to  it,  and  that  waste 
could  be  made  good  from  the  water  discharged  by  the  air-pump. 

OF  THE  STANDARD  MEASURE  OF  DUTY. 

The  present  system  of  rating  the  duty  of  steam-engines  in  Cornwall,  by  the 
heaped  imperial  bushel  measure,  of  coal,  is  open  to  great  objections. 

If  it  be  necessary,  from  long  usage,  to  purchase  coals  by  measure,  they 
should  be  weighed  to  the  engine  ;  as  the  calorific  value  of  coal  does  not  depend 
on  bulk,  but  on  the  purity,  and  quantity  of  its  carbon.  This  objection  to  measure, 
has,  to  a  certain  extent,  been  appreciated,  and  it  has  been  found  requisite  to  fix 
the  duty  weight  of  a  bushel.  It  appears  to  me  that  as  the  weight  of  a  bushel  of 
coals  is  so  various,  and  as  it  has  been  found  needful  to  reduce  these  varying 
bushels  to  some  common  weight — 94  pounds  being  the  present  Cornish  standard 
of  comparison  in  the  Monthly  Reports  of  duty  it  would  be  bettei  to  adopt 
some  multiple  of  a  ton  for  that  purpose;  or,  still  better,  to  estimate  the  duty, 
by  the  effect  of  a  single  pound  of  coal.  The  difference  in  weight,  of  the  bushel 
of  coals,  from  mines  in  the  same  district,  and  different  districts,  is  greater,  per¬ 
haps,  than  is  commonly  imagined.  From  the  published  Minutes  of  Proceedings 
of  the  sessions  of  the  Institution*,  it  appears  that  the  bushel  of  coals  has  been 
ascertained  by  several  engineers,  to  vary  from  80  to  112  lbs. ;  and  Mr.  Henwood 
found,  at  three  engines,  the  respective  weights  of  the  bushel  of  coals  in  use,  to 
be  100,  92i6o,  and  88A  lbs.  (Trans.  Inst.  C.  E.  Vol.  II.) 

Fuel,  unaccompanied  by  a  statement  of  its  evaporative  product  at  each  en- 
*  See  Minutes  Inst.  C.  E.,  Session  1838,  pp.  3  and  7. 
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gine  is,  at  best,  but  an  imperfect  standard  of  the  merit  of  engines.  A  knowledge 
of  its  consumption  is  a  necessary,  and  important  item  in  accounts  of  expense,  as 
it  determines  the  money  cost  of  working  an  engine ;  and  we  have  seen  the 
success  which  has  attended  the  unwearied  and  skilful  efforts  to  diminish  it ; 
but  a  more  accurate  standard  of  dynamic  efficiency  is  requisite.  It  is  possible 
that  coal  may  not  always  continue  to  be  the  sole  combustible  employed  to  ge¬ 
nerate  the  power  of  engines  ;  it  may  be  exchanged  for  anthracite,  coke,  peat — 
substances  already  in  partial  use — or  steam  may  be  generated  by  artificial 
fuels,  or  by  processes  now  unknown,  and  unimagined.  The  work  done  by  any 
given  weight  of  water  as  steam,  is  a  sure  index  of  the  quality  of  a  steam-en¬ 
gine  ;  it  is  a  measure  unaffected  by  variable  calorific  agents ;  and,  so  long 
as  the  engine  continues  to  be  worked  by  steam,  so  long  will  the  performance  of 
different  engines  be  accurately  gauged  by  their  respective  expenditure  of  water 
as  steam. 

I  will  venture  to  suggest  the  use  of  the  pound  of  water  as  steam ,  as  the  most 
convenient  and  correct  standard  of  duty  which  can  be  adopted.  In  Table  VI., 
column  11,  this  standard  is  applied  to  all  the  engines  examined.  Cornish  en¬ 
gineers  will  perceive  the  ease  with  which  the  tyranny  of  custom  would  be 
shaken  off,  and  the  facility  with  which  old  associations  would  be  melted  into  a 
new  one,  by  the  adoption  of  this  standard.  It  happens — from  the  circumstance 
that  the  Cornish  evaporation,  in  the  best  conditioned  engines,  amounts  to 
10^  pounds,  for  each  pound  of  coal  burnt ;  and,  from  the  circumstance,  that  the 
adopted  weight  of  a  bushel  is  but  little  short  of  100  pounds — that  the  duty 
done  by  a  pound  of  steam  is  nearly  the  one  thousandth  part  of  that  done  by  a 
bushel  of  coal.  The  transition,  therefore,  would  be  easy  and  natural  from  mil¬ 
lions,  raised  by  a  bushel  of  coal,  to  thousands  of  pounds,  raised  by  one  pound  of 
water  as  steam.  The  image  of  effect  would,  also,  be  much  more  clearly  im¬ 
pressed  upon  the  mind  by  reference  to  this  measure  of  force,  rather  than  to  the 
force  obtained  from  a  bushel  of  coals.  Every  one  can  understand  and  appre¬ 
ciate  the  weight  of  a  pound ;  as  well  as  the  degree  of  force  he  would  have  to 
exert  in  raising  that  pound  a  foot  in  height ;  and,  being  informed  that  a  pound 
of  water,  converted  into  steam,  is  capable — through  the  medium  of  the  engine 

_ of  elevating  one  hundred  and  twenty-six  thousand  times  its  own  weight,  to 

an  equal  height,  the  mind  would  receive,  not  only  a  distinct  image  of  the  vast 
force  of  steam,  and  of  the  account  to  which  it  is  turned  by  the  ingenuity  of  man, 
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but  it  would  imbibe  an  accurate  idea  of  the  true  measure  of  the  power  of  the 
steam-engine. 

Great  additional  value  would  be  conferred  on  the  monthly  reports  of  the 
Cornish  engines,  by  incorporating  in  them  two  such  columns  as  10  and  11 
in  the  table.  The  evaporation  from  the  boilers  of  each  engine  might  be  stated 
separately,  or  it  might  be  omitted  ;  as  the  weight  of  water  vaporized  by  a 
pound  of  coal,  in  each  case,  would  be  found  by  dividing  the  duty  obtained 
from  the  pound  of  coal,  by  that  obtained  from  the  pound  of  water  as  steam. 

In  column  8,  I  have  exhibited  the  duty  equivalent  to  the  use  of  one  hun¬ 
dred  weight  of  coal ;  but,  though  a  multiple  of  the  ton,  I  think  the  hundred 
weight  would  be  objectionable  as  a  standard,  from  its  raising,  still  higher  than 
the  bushel,  the  expression  of  the  load  overcome.  The  millions  of  pounds,  van¬ 
quished  by  the  bushel,  have  already  sufficiently  tried  the  ingenuity  of  the 
expounders  of  the  steam-engine,  by  inducing  them  to  convert  weight  of  duty 
into  bulk  ;  or  to  involve  in  it,  as  they  have  sometimes  done,  strange  conceits  of 
time  and  space,  in  order  to  represent,  as  they  imagine,  a  less  complex  notion  of 
this  simple  proposition. 

OF  THE  CONSTITUENT  HEAT  OF  STEAM. 

The  weight  of  water,  as  steam,  would  not  be  a  true  measure  of  the  relative 
consumption  of  heat  by  different  engines — which  is  the  economical  result 
sought — if  a  given  weight  of  water,  as  steam,  at  different  elasticities,  contained 
variable  amounts  of  caloric.  Experiments,  to  determine  the  constituent  heat  of 
steam,  conducted  with  great  care,  b}7-  various  methods,  and  leaving  little  to  be 
wished  for,  have  been  made  by  several  philosophers.  Their  conclusion,  that 
the  sum  of  heat  in  steam,  at  all  specific  gravities,  is  a  constant  quantit}7-,  is 
generally  received  as  a  law  of  nature. 

It  occurred  to  me  that  it  would  be  practicable  to  perform  a  set  of  experi¬ 
ments,  within  certain  limits,  which  would  have  the  effect  of  confirming,  or 
disproving  this  assumed  fact,  by  ascertaining  the  quantity  of  water  which  a 
given  weight  of  coal  would  convert  into  steam,  at  various  pressures.  It  was 
requisite  that  these  experiments  should  be  made  on  the  same  boiler,  with  the 
same  kind  of  coal,  and  that  an  equal  weight  of  coal  should  be  consumed,  during 
each  experiment,  as  nearly  as  possible  in  the  same  time ;  or  that  equal  quanti- 
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ties  of  water  should  be  evaporated,  under  the  different  pressures,  as  nearly  as 
possible  in  equal  times. 

The  following  Table  gives  the  result  of  28  experiments,  made  during*  28 
successive  days,  on  vaporization  from  the  boiling  point,  to  60  pounds  pressure 
per  square  inch  above  the  atmosphere.  They  are  presented,  as  essentially  con¬ 
firming  the  doctrine  first  made  known  by  Watt  and  Southern  ;  as  practi¬ 
cally  conclusive  that  there  is  no  material  difference  in  the  consumption  of  fuel, 
to  convert  equal  weights  of  water  into  steam,  of  the  elasticities  cited ;  and, 
consequently,  that  the  relative  efficiency  of  steam  in  engines  is  solely  due  to  the 
manner  of  using  it,  not  to  any  change  in  its  chemical  constitution  at  different 
pressures. 

Table  VII. 


Number  of 
experiments. 

Pressure  above 
the  atmosphere. 

Temperature  of 
the  steam. 

Total  weight  of 
coal  burnt. 

Mean  weight  of 
coal  burnt,  per 
experiment. 

Evaporation  in 
cubic  feet. 

Mean  duration 

of  experiment. 

No. 

lbs.  persq.  in. 

Temp. 

lbs. 

lbs. 

Cub.  feet. 

Ho-  min. 

4 

0 

212° 

800 

200 

20 

10 

1 

5 

226.30 

199 

199 

20 

9  55 

1 

10 

237.64 

202 

202 

20 

10  1 

3 

15 

247.04 

565 

195 

20 

9  50 

2 

20 

256.78 

396 

198 

20 

10  2 

I 

25 

264,82 

204 

204 

20 

10  4 

1 

30 

272.02 

200 

200 

20 

10 

1 

35 

278.80 

203 

203 

20 

9  58 

2 

40 

285.04 

202 

202 

20 

9  59 

2 

45 

290.76 

408 

204 

20 

10  5 

3 

50 

295.96 

615 

205 

20 

10 

3 

55 

300.76 

624 

208 

20 

9  57 

4 

60 

305.06 

840 

210 

20 

10  2 

I  will  now  proceed  to  relate  the  manner  of  conducting  these  experiments,  as 
their  value  entirely  depends  on  the  precautions  taken  to  ensure  accurate  results. 

The  boiler  employed,  was,  in  its  exterior  form,  precisely  similar  to  an  ordi¬ 
nary  locomotive  one  ;  but  of  different  dimensions  and  internal  structure.  The  fire¬ 
box,  inside,  was  4  feet  square,  and  the  grate,  consequently,  1 6  square  feet  in  area. 
The  heat  then  passed  through  five  tubes,  1 0  inches  diameter  inside,  and  5-J  feet 
in  length,  contracted  at  the  smoke  box  end  to  5  inches  diameter,  in  the  last  12 
inches  of  their  length.  The  chimney  was  twenty  feet  high  from  the  ground, 
and  15  inches  diameter,  with  a  damper  in  it  near  the  summit.  In  the  first 
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place,  I  ascertained  how  much  water  the  boiler  would  hold,  in  the  visible  length 
of  the  glass  gauge,  so  as  not  to  leave  the  top  of  the  fire-box  uncovered,  nor  yet 
to  rise  so  high  as  to  endanger  the  accuracy  of  the  experiments  by  priming.  The 
water  was  both  weighed  and  measured  into  the  boiler,  by  imperial  standards  ; 
a  scale  was  adjusted  to  the  glass  gauge,  which  sensibly  denoted  a  cubic  foot, 
and  admitted  of  subdivisions  ;  and  I  found  I  had  20  cubic  feet  of  water  to 
operate  upon.  The  capacity,  thus  ascertained  and  graduated,  served  for  all  the 
experiments.  This  being  done,  I  ascertained  the  weight  of  coal,  which  would, 
probably,  be  required  to  evaporate  the  20  cubic  feet  of  water ;  but,  as  I  wished 
to  render  the  combustion  very  perfect,  and  ensure,  as  far  as  possible,  that  no 
uncombined  air  should  pass  through  the  fire,  I  diminished  the  area  of  the  grate 
one  half  by  bricking  it  over,  air-tight,  and  left  the  air  spaces,  between  the 
bars,  tVths  of  an  inch  wide,  the  bars  being  f  of  an  inch  in  breadth. 

As  the  experiments  in  contemplation  would  last  many  days,  and  it  being 
essential  that  the  coals  should  be  as  nearly  uniform  in  purity  and  strength  as 
possible,  I  went  to  a  neighbouring  pit  to  procure  them  ;  and  into  the  pit,  that  I 
might  assure  myself  of  every  lump  coming  from  the  same  vein,  and  the  same 
part  of  it.  I  thus  procured  3  tons,  and  had  every  lump  broken  into  pieces  which 
would  pass  through  an  inch  and  a  half  ring ;  rejecting  every  piece  which  exhi¬ 
bited  the  slightest  symptom  of  impurity.  The  coal  was  then  carefully  covered 
up  from  rain  or  dampness. 

It  may  not  be  uninteresting  here  to  state,  that  I  tested  the  coal  as  to  the 
moisture  it  contained,  when  raised  from  the  pit,  and  found  it  to  be  about  iVth 
of  its  weight.  As  a  measure  of  precaution,  also,  I  each  day  weighed  1000  grains 
of  the  coal  submitted  to  combustion,  dried  it  thoroughly  in  a  warm  oven,  and 
ascertained  its  loss,  which  varied  from  4  to  6  per  cent.,  during  the  28  days  of 
the  experiments ;  so  that  no  change  took  place  in  the  humid  contents  of  the 
coal. 

A  thermometric  steam-gauge,  graduated  for  temperatures  and  pressures, 
(made  by  Mr.  Adie,  optician,  Liverpool,)  was  applied  to  the  boiler,  without 
which  I  should  have  been  unable  to  have  kept  the  fire,  and  rate  of  evaporation, 
so  steady  as  I  desired.  The  safety-valve  was  similar  to  those  commonly  used 
on  locomotive-engine  boilers,  and  had  been  carefully  weighed,  when  the  degrees 
of  pressure  were  marked  on  its  spring  balance.  During  these  experiments,  the 
spring  balance  was  released  from  its  hook,  and  weights  were  suspended  to  it, 
that  it  might  rise  freely  at  the  blowing  point  of  each  experiment.  The  scale  of  the 
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valve  was  graduated  from  10  lbs.  to  65  lbs.  above  the  atmosphere.  It  rose  very 
evenly,  throughout  the  whole  range,  in  correspondence  with  the  pressures  marked 
on  the  thermometric  gauge,  excepting  that  it  was  uniformly  somewhat  later  in 
its  indications  than  the  former.  This  is  explained  by  Mr.  Adie,  (with  whom  I 
communicated  on  the  subject,)  by  his  stating  that  the  temperatures,  and  corre¬ 
sponding  pressures,  marked  on  his  instrument,  were  from  2  to  4  degrees  of 
Fahrenheit  below  those  determined  by  the  French  academicians,  as  they  were 
not  corrected  for  the  portion  of  the  mercury  exposed  to  the  cooling  of  the  atmo¬ 
sphere — a  difference  which  was  to  be  expected.  The  correspondence  between 
this  thermometer  (with  the  correction  supplied)  and  the  safety-valve,  were  thus 
a  proof — though  a  rude  one — of  the  accuracy  of  the  determinations  of  the 
French  philosophers.  Mr.  Adie’s  graduations  were  from  experiments,  made  by 
himself,  with  steam  from  the  boiler  of  the  locomotive  engine,  Venus,  brought  to 
a  mercurial  column,  on  the  Liverpool  and  Manchester  Railway. 

These  arrangements  being  made,  a  few  preliminary  experiments  shewed  that 
about  200  lbs.  of  coal  would  be  required,  and  that  about  10  hours  would  be  the 
time  occupied  in  vaporizing  the  20  cubic  feet  of  water,  at  the  slow  rate  of  com¬ 
bustion,  which  I  thought  best  fitted  to  give  correct  results.  As  the  damper  did 
not  fit  quite  close  enough,  to  restrain  the  fire  sufficiently,  I  diminished  the  aper¬ 
ture  of  the  five  tubes,  at  the  point  of  exit  into  the  smoke-box,  by  one  half. 

The  experiments  were  prosecuted  as  follows. — Each  morning  200  lbs.  of 
coal  were  weighed  by  myself,  the  boiler  having  been  previously  pumped  some¬ 
what  fuller  than  the  level  of  commencement,  and  the  steam  raised  to  the  pres¬ 
sure  of  the  intended  experiment.  When  the  thermometer  shewed  signs  of 
falling  below  that  pressure,  and  the  fire  was  unable  to  elevate  it,  the  water  was 
drawn  off  to  the  zero  or  upper  division  of  the  glass  gauge;  185  lbs.  of  coal 
were  immediately  put  lightly  and  equally  over  the  whole  surface  of  the  grate, 
and  the  fire  door  instantly  plastered  round  with  clay.  As  the  draught  and 
combustion  were  very  slow,  it  required  about  half  an  hour  before  evaporation 
commenced,  and  the  thermometer  usually  fell  2  or  3  degrees  during  the  first 
quarter  of  an  hour;  until  the  coals  became  a  little  ignited.  The  fire  door 
was  opened  at  the  sixth  hour  to  examine  and  level  the  fuel ;  and  as  the 
evaporation,  which  was  noted  every  quarter  of  an  hour,  was  nearly  alike  each 
day  and  each  hour,  it  became  easy  to  judge  how  much  more  coal  would  be 
required  ;  and  my  practice  was  to  add  1 0  lbs.  at  that  hour ;  clay  up  the  fire 
door  again ;  and,  as  soon  as  the  steam  began  to  fall,  to  add  as  much  more  coal 
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as  would  complete  the  evaporation  of  the  20  cubic  feet.  The  duration  of  each 
experiment  is  reckoned  from  the  moment  of  the  rising  of  the  valve,  at  the  re¬ 
spective  pressures,  till  it  closed  from  the  exhaustion  of  the  fire. 

At  the  termination  of  each  day’s  experiment,  the  boiler  was  well  cleansed 
by  blowing  off,  through  several  cocks,  when  the  steam  was  yet  up,  but  the  fire 
extinguished.  The  fire-box,  grate,  and  flues  were  swept  free  from  all  deposit  or 
attached  soot,  and  the  boiler  replenished  with  water  for  the  following  day’s  ex¬ 
periment.  I  attended  each  day  at  the  starting  of  the  experiment,  and  until  the 
regular  rate  of  evaporation  exhibited  itself.  I  visited  the  boiler  two  or  three 
times  during  the  first  six  hours,  and  was  always  present  from  the  sixth  hour  till 
the  conclusion.  When  any  thing  occurred  to  cause  me  to  doubt  the  accuracy  of 
an  experiment,  it  was  repeated  on  the  ensuing  day  ;  and  though,  in  reality, 
every  one  of  the  experiments  is  entitled  to  as  much  confidence  as  another,  it  will 
be  seen  that  as  I  approached  the  higher  pressures,  I  made  more  experiments  on 
each. 

The  columns,  mean  weight  of  coal,  and  time,  express  the  means  of  the  num¬ 
ber  of  the  experiments  on  the  same  pressure ;  the  variation  in  the  weight  of 
coals  burnt,  did  not,  however,  exceed  4  lbs.,  nor  the  time  more  than  five  minutes, 
in  any  of  these,  so  that  I  have  thought  it  unnecessary  to  encumber  the  table  by 
inserting  other  than  the  mean  time. 

I  am  confident  that  not  an  ounce  of  water  was  wasted  any  one  day.  I 
wished  to  have  experimented  at  65  lbs.,  but  one  of  the  rivets  wept  a  little 
at  that  pressure,  and  I  abandoned  it. 

It  will  be  remarked  that,  from  the  commencement  to  the  termination  of  each 
day’s  experiment,  my  assistant  had  nothing  to  do  but  to  observe  his  thermometer, 
note  the  rate  of  evaporation,  regulate  his  damper,  and  occasionally  hand  the 
safety-valve  to  maintain  the  pressure  of  steam  uniform.  The  thermometer  indi¬ 
cated,  with  great  delicacy,  when  the  damper  required  opening  or  shutting,  by  a 
single  notch.  No  water  had  to  be  pumped;  the  fire  had  not  to  be  stirred  ;  nor 
could  any  thing  occur  to  derange  the  observations. 

I,  therefore,  consider  these  experiments  as  substantively  conclusive,  for  all 
practical  purposes,  that  equal  quantities  of  heat  enter  into  the  composition  of  equal 
quantities  of  water  in  the  shape  of  steam,  at  all  the  temperatures  and  pressures 
noted  ;  and,  consequently,  that  the  sum  of  the  sensible  and  latent  heat,  in  steam  of 
the  specific  gravities  belonging  to  these  pressures,  is  a  constant  quantity,  as  pre¬ 
viously  determined  by  nicer  experiments.  The  greatest  difference  in  the  results 
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of  any  two  experiments  is  5-|  per  cent.,  and  I  feel  no  hesitation  in  expressing  my 
own  conviction,  that  the  small  increase  in  the  consumption  of  coal  observable  at 
the  more  elevated  pressures,  was  simply  owing  to  the  circumstance,  that,  in 
consequence  of  the  increased  temperature  of  the  absorbing  water,  at  those  pres¬ 
sures,  the  heat  necessarily  quitted  the  boiler  at  a  somewhat  higher  temperature 
than  at  the  lower  elasticities. 

I  omitted  to  state  that,  in  the  first  two  of  the  four  experiments  at  the  boiling 
point,  the  man-hole  cover  and  safety-valve  were  removed,  and  two  cocks  opened, 
that  the  steam  should  have  the  freest  possible  exit,  in  order  to  confirm  my  faith 
in  no  unvaporized  water  passing  over  with  the  steam  in  the  subsequent  experi¬ 
ments.  In  the  two  others,  stated  as  from  212°,  the  whole  of  the  steam  escaped 
through  the  safety  valve  aperture,  exhibiting  an  elevation  of  about  two  degrees 
of  temperature.  At  5  lbs.  on  the  inch,  the  safety  valve  was  replaced,  and 
regulated  by  hand,  as  its  own  weight,  with  the  lever,  spring-balance,  and  rod, 
equalled  10  lbs. 

It  may  be  said,  and  with  truth,  that  though  equal  volumes  of  water  were 
evaporated,  the  weights  were  not  identical,  owing  to  the  dilatation  of  the  water 
for  its  temperature  ;  but  this  would  cause  so  slight  a  difference,  that  I  preferred 
the  plan  of  evaporating  equal  bulks,  previously  heated  in  the  boiler  to  the  ex¬ 
perimental  degree,  to  that  of  pumping  the  supply  during  each  experiment :  for, 
in  the  28  days,  the  water  I  was  using  would  have  varied  nearly  15  degrees  in 
temperature,  on  entering  the  boiler. 

The  experiments  were  made  in  January  and  February,  1837.  The  boiler 
was  much  exposed,  being  fixed  upon  a  machine  for  agricultural  purposes,  then 
on  a  bog ;  but  the  whole  being  covered  with  a  roof,  no  rain  or  snow  entered, 
and  the  boiler  was  clothed  with  sacking  and  tarpaulins,  so  that  the  varying 
temperature  of  the  atmosphere,  out  of  doors,  could  have  but  little  effect  upon  it. 
Every  precaution  was  used  to  preserve,  as  nearly  as  possible,  an  uniformity  of 
temperature  about  the  boiler. 

The  coal  was  extracted  from  one  of  the  pits  belonging  to  Wm.  Hulton,  Esq., 
of  Hulton,  near  Bolton,  a  coal  well  known  in  Lancashire  for  the  purity  and 
strength  of  its  coke ;  and  I  took  the  opportunity  of  making  four  experiments  on 
the  latter  combustible ;  viz.  one  at  the  boiling  point,  one  at  20  lbs.,  one  at  40  lbs., 
and  one  at  60  lbs.  pressure.  The  consumption,  respectively,  was  148,  149,  152, 
and  153  pounds  to  evaporate  the  20  cubic  feet  of  water,  in  10  hours ;  being  about 
25  per  cent,  less  than  the  coal  from  which  it  was  prepared.  It  must,  however, 
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be  observed,  that,  as  the  coke  required  more  draught  than  the  coal,  I  was  obliged 
to  widen  the  air  spaces  between  the  bars,  and  to  open  the  ends  of  the  five  tubes 
of  the  boiler,  so  that  a  greater  waste  took  place,  of  droppings  into  the  ash-pit, 
and  of  heat  through  the  chimney. 
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OF  THE  LOCOMOTIVE  ENGINE. 

The  locomotive,  as  an  instrument  of  mechanical  power,  differs  only  by  its 
use  of  the  blast  from  the  fixed  non-condensing  engine  ;  it  is  the  same  engine 
set  on  wheels ;  it  receives,  and  transfers  the  force  of  the  steam,  in  a  manner 
identically  similar  to  a  stationary  engine  ;  and  its  effects  are  ascertainable  and 
measurable  by  processes,  common,  and  applicable  to  each.  In  its  locomotive 
character,  it  resembles  the  marine  steam-engine ;  both  engines  form  integral 
parts  of  the  mass  of  matter  set  in  motion  by  them  ;  the  power  of  each  is  com¬ 
municated  to  the  mass,  by  contrivances  varying  only  in  their  adaptation  to  the 
media  on  which  they  operate  ;  but,  both  engines  are  at  rest,  relatively  to  the 
mass  moved,  and  to  the  media  of  motion.  The  power  and  effects  of  both 
engines  are,  therefore,  recognizable,  and  appreciable  by  one  or  other  of  those 
methods  of  investigation  previously  described,  and  employed  in  practice,  as  they 
may  best  suit  the  special  circumstances,  work,  and  nature  of  different  engines. 

The  method  resorted  to  by  experimenters  on  the  locomotive,  has  been  that 
of  attempting  to  determine  the  amount  of  resistance  opposed  to  its  progress,  in 
preference  to  that  of  ascertaining  the  power  expended  in  overcoming  the  resist¬ 
ance.  The  solution  of  either  of  the  two  problems  would  be  equivalent  to  the 
solution  of  both,  it  being  an  axiom  in  mechanics,  that  power  and  resistance 
are  constantly  in  ecjuilibvio ;  the  amount  of  one  of  these  forces,  being  ascer¬ 
tained  would,  consequently,  be  a  true  measure  of  the  amount  of  the  other. 

The  seal  ch  after  the  sum  of  the  resistance,  by  the  process  of  analysing  its  seve¬ 
ral  constituent  quantities,  has  been  attended  with  perplexing  difficulties  ;  as  that 
sum  arises  out  of  forces,  which,  though  distinct,  are  yet  so  numerous  and  vari¬ 
able,  that  the  determination  of  the  exact  quantity  assignable  to  each,  at  any 
one  velocity,  has  hitherto  eluded  the  sagacity  and  industry  of  all  the  ex¬ 
perimenters  who  have  explored  the  subject.  That  the  investigation  has 
failed  of  success,  will,  I  think,  be  demonstrated  by  the  following  examination 
of  such  results  and  conclusions  as  the  several  labourers  in  this  inviting  and  fer¬ 
tile  field  of  experiment  have  presented  to  us,  as  facts  ;  or  which,  as  deductions 
from  natural  laws,  ought,  in  their  opinion,  to  command  universal  assent,  and  be 
received  as  a  creed  based  on  immutable  principles.  I  think  it  will  be  ap¬ 
parent,  from  the  indications  of  the  tests  to  which  I  propose  to  submit  these  so- 
called  facts,  and  deductions,  that  the  first  are  but  erroneous  estimations,  and  the 
second,  unwarranted,  and  untenable  hypotheses. 

VOL.  III. — BART  II.  M 


78 


MR.  PARKES  ON 


The  exposure  of  fallacies  is  far  from  being  an  agreeable  task  ;  but,  if  truth 
— fabled  as  being  concealed  at  the  bottom  of  a  well — is  to  reward  our  re¬ 
searches,  we  must  not  be  scared  from  its  pursuit,  by  the  weight  of  superin¬ 
cumbent  matter  to  be  removed,  before  the  light  shines  on  the  object  sought. 

I  have  laboured  diligently,  though  humbly  and  less  publicly  than  several  other 
enquirers  on  this  subject ;  I  have  carefully  studied  the  exposition  of  their  ex¬ 
periments  and  deductions  ;  and,  in  discussing  them,  I  trust  that  no  difference  of 
opinion  with  the  authors,  whose  works  it  is  necessary  for  me  to  examine,  will 
be  construed  into  any  want  of  respect  on  my  part  for  men  whose  talents,  and 
persevering  exertions  entitle  them  to  the  esteem  of  all  who  seek  to  illustrate  the 

practice,  or  principles  of  engineering  science. 

The  first  analyst,  in  the  order  of  time,  who  applied  himself  to  the  solution 
of  the  several  problems  connected  with  the  locomotive  engine,  was  M.  de 
Pambour.  His  work*  appeared  in  1836.  I  received  it  when  engaged  in 
nearly  daily  practice  and  experiment,  with  an  engine  precisely  similar  to  the 
railway  locomotive,  though  applied  to  a  very  different  species  of  locomotion. 
The  consumption  of  steam  and  fuel,  by  this  engine,  had  necessarily  occupied 
much  of  my  attention,  it  being  requisite  to  inform  myself  of  the  cost  of  power, 
in  order  to  determine  the  important  item  of  expense,  for  the  purposes  to  which 
the  engine  was  destined.  I  had  experimented  upon  the  additional  resistance 
occasioned  by  the  blast,  at  certain  pressures ;  upon  the  expenditure  of  water  as 
steam,  at  different  loads,  and  at  different  velocities  ;  and,  from  a  previous  know¬ 
ledge  of  the  consumption  of  steam,  for  given  effects,  by  fixed  high-pressure,  and 
other  engines,  I  felt  to  have  in  my  hands  a  safe  test,  within  certain  limits,  of 
the  accuracy  of  my  results.  These  will  appear  in  their  place  in  the  sequel. 

M.  de  Pambour’s  experiments  arrested  my  earnest  attention,  and  I  imme¬ 
diately  set  to  work  to  reduce  them  to  the  standards,  by  which  the  engines  are 
compared  in  Table  VI.  In  this  there  was  no  difficulty,  as  the  tractive  force 
was  given ;  whence  both  the  duty,  and  horses-power  were  deducible. 

The  results  obtained  from  the  very  first  investigation  surprised  me,  it  ap¬ 
pearing  that,  if  the  estimate  of  resistance  were  correct,  a  duty  had  been  accom¬ 
plished,  and  a  horse-power  had  been  created,  by  a  much  smaller  expenditure  of 
water  as  steam,  than  was  possible  even  by  the  condensing  engine.  I  imagined, 
therefore,  that  some  error  had  crept  into  my  calculations ;  or,  that  some  extra¬ 
ordinary  economic  principle  belonged  to  the  locomotive  engine,  which  had 
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escaped  my  notice ;  or,  I  was  forced  to  conclude  that  the  resistance  assigned, 
viz.  8  lbs.  per  ton,  was  considerably  greater  than  could  have  been  overcome  by 
the  steam,  at  the  velocity  of  the  engine  under  examination.  I  repeated  the 
calculations,  repeated  the  experiments  on  the  engine  under  my  charge,  and 
found  the  same  discrepancy  between  M.  de  Pambour’s  and  my  own  results. 
These  calculations  were  made  upon  the  Atlas,  at  the  velocity  of  9.72  miles  per 
hour,  being  the  first  among  the  experiments  given  in  the  following  Tables. 

A  more  attentive  study  of  this  author’s  work,  disclosed  to  me,  also,  that  he 
had  not  ascertained  any  data  by  which  to  estimate  the  surplus  resistance  to  the 
effective  steam  in  a  locomotive,  over  a  fixed  high-pressure  engine,  occasioned  by 
the  counter  elasticity  in  the  blast-pipe ;  the  amount  of  which  would  reduce 
still  lower,  the  consumption  of  water  as  steam,  for  a  given  effect.  In  addition, 
I  found  that  the  tractive  force  was  considered  by  the  author  to  be  uniform  at 
all  velocities ;  inasmuch  as  he  assumed  the  resistance  to  the  progressive  motion 
of  the  train,  to  be  equal  at  all  velocities.  This  was  a  puzzle ;  for,  it  seemed 
self-evident,  since  an  engine  could  not  drag  so  heavy  a  load  at  a  high,  as  at  a 
lower  velocity — and,  since  it  appeared,  from  the  evaporative  data,  that  a 
larger  consumption  of  water  as  steam  took  place  at  the  higher  than  at  the 
lower  velocities,  in  every  instance — it  seemed,  I  thought,  self-evident  that,  rated 
on  the  ton  of  matter  moved,  the  tractive  force  must  have  been,  from  some  cause 
or  other,  increased  at  the  higher  velocities,  in  a  proportion  not  greatly  differing 
from  the  inverse  ratio  of  the  loads.  Some  great  misconception  appeared  to  me 
to  pervade  the  whole  of  these  experiments,  for,  if  the  deductions  were  erroneous 
in  one  case,  they  were  so  in  all,  being  all  based  on  data  similarly  obtained ; 
but,  whether  the  error  arose  from  fallacious  deductions,  or  inaccurate  observ¬ 
ations,  it  was  out  of  my  power  to  clear  up  the  mystery.  Strong  doubts,  too, 
arose  in  my  mind  as  to  the  correctness  of  the  evaporative  data,  my  experience 
of  locomotive  engines  having  assured  me  that  priming,  in  a  greater  or  less 
degree,  existed  in  all  of  them ;  and,  by  that  amount,  whatever  it  was,  the 
water  consumed  as  steam  would  have  to  be  again  diminished. 

After  making  several  abortive  attempts  to  reconcile  the  results  of  these  ex¬ 
periments  with  those  on  my  own,  and  other  engines,  I  determined  to  defer  a 
more  rigid  scrutiny  of  them,  to  a  future  period,  in  the  hope  that  M.  de  Pam- 
bour  himself,  or  other  experimenters,  would  throw  additional  light  on  the  sub¬ 
ject ;  that  they  would  supply  the  necessary  corrections;  or  renew  the  investi¬ 
gation  on  some  fresh  basis. 
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The  examination,  which  my  little  leisure  then  permitted,  led  me  to  reflect 
on  the  fitness  and  accuracy  of  the  method  adopted  by  M.  de  Pambour  of  de¬ 
ducing  the  resistance  to  traction,  from  the  laws  of  gravitation  ;  and  I  was  dis¬ 
posed  to  conclude  that  no  certain  results  could  come  out  of  this  method  ;  that  no 
practical  data,  worthy  of  confidence,  as  to  the  amount  of  resistance  on  a  level, 
could  be  derived  from  observations  on  engines  and  trains  moving  down  inclined 
planes  ;  and  that,  if  positive  and  appreciable  weights  could  not  be  employed  to 
determine  the  tractive  force  at  various  velocities,  recourse  must  be  had  to  some 
'  other  measure  of  effect.  No  definite  experiments  had,  at  this  time,  been  made 
with  the  intent  to  separate  the  resistance  of  the  air,  from  the  frictions  of 
motion ;  nor  to  resolve  several  other  items  into  which  resistance  and  fiiction 
might  be  subdivided,  and  which  enter,  as  distinct  quantities,  into  the  compo¬ 
sition  of  the  sum  of  the  resistance.  Further,  I  felt  disposed  to  doubt  the  prac¬ 
ticability  of  performing  any  set  of  experiments  which  could  satisfactorily 
evaluate  the  ever  fluctuating,  and  inconstant  quantities  of  the  various  frictions, 
and  resistances,  to  which  a  locomotive  engine  is  subject,  from  the  peculiar  cha¬ 
racter  of  railway  traffic. 

These  opinions  stimulated  me  to  endeavour  to  discover  some  certain  cri¬ 
terion  of  the  mechanical  effect  produced  by  a  locomotive  engine,  at  all  velocities  ; 
some  criterion  which  would  apply  as  practically,  as  appropriately,  and  as  dis¬ 
tinctively  to  locomotive,  as  duty  to  pumping,  and  horse-power  to  rotative  engines  ; 
and,  thereby,  enable  us  to  draw  a  rigorous  comparison  between  the  increments 
of  resistance,  and  the  increments  of  velocity.  If  the  work  of  a  locomotive  fur¬ 
nished  a  measure  of  this  nature,  it  seemed  to  me  that  several  problems  of  great 
practical  consequence  might  be  solved  ;  and  I  considered  it  of  far  less  import¬ 
ance  to  be  able  to  distinguish  (were  it  possible)  the  precise  value  of  each 
particular  unit  of  resistance,  than  to  determine,  correctly,  the  relative  sum  of 
resistance,  and  the  relative  expenditure  of  power,  at  all  velocities,  and  under  all 
circumstances. 

This  study  opened  to  me  a  glimpse  of  a  method  of  comparing  the  perform¬ 
ance  of  railway  engines,  which  will  be  treated  of  in  a  separate  section.  To 
perfect,  and  prove  its  application  and  powers,  additional  experiments  to  those  of 
M.  de  Pambour  were  requisite ;  and  it  was  necessary  to  await  the  gradual 
development  of  the  railway  system,  by  the  opening  of  new  lines,  and  the  pub¬ 
lication  of  experiments  on  locomotives  which  the  extended  use  of  them  would, 
doubtless,  occasion.  A  sufficient  number  of  these  has  accumulated,  and  I  shall 
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first  proceed  to  examine  their  results,  according  to  the  opinions  and  deductions 
of  their  authors,  in  the  order  of  the  dates  of  their  publicity.  They  consist  of 
the  labours  of  M.  de  Pambour,  Mr.  Robert  Stephenson,  Mr.  Nicholas  Wood, 
and  Dr.  Lardner. 

M^BP^MBouBf  M.  de  Pambour’s  celebrity  as  a  railway  analyst — the  adoption 
of  his  views  and  conclusions  by  a  large  class  of  persons — the  later  rejection  of 
them,  or  substitution  of  still  higher  values  of  resistance  by  another  class,  equally 
confident  in  the  sufficiency  of  their  experiments,  and  in  the  truthfulness  of  their 
deductions — demand  that  his  experiments  should  undergo  a  very  minute  and 
rigid  investigation.  It  is  the  more  fitting,  too,  that  I  should  examine  these  ex¬ 
periments  with  the  utmost  care,  as  my  own  conclusions  (so  opposed  as  I  have 
already  explained  them  to  be  to  those  of  the  author)  are  based  upon  the  com¬ 
parison  of  the  data  he  has  supplied,  with  the  ascertained,  indisputable  facts  re¬ 
garding  the  effects  of  other  engines  exhibited  in  Table  VI.  For  this  purpose  it 
has  been  necessary  to  reduce  the  whole  of  his  data  to  terms  which  permit  the 
particular  and  comparative  values  of  the  power  and  effect  to  be  shewn,  when 
tested  by  similar  measures.  Tables  VIII.  IX.  X.,  in  which  these  results  are  clas¬ 
sified,  contain  also  those  obtained  from  the  data  of  other  experimenters. 

Table  VIII.  exhibits  the  particulars  of  the  engines,  and  all  the  quantities  re¬ 
quired  for  ascertaining  the  duty  accomplished  at  the  resistance  assigned  to  the 
load  in  each  case,  which  is  separated  into  the  gross  and  useful  duty  obtained  by  the 
consumption  of  a  pound  of  water  as  steam,  and  a  pound  of  coke,  respectively.  A 
few  words  only  of  explanation  are  requisite  on  this  head. 

The  work  done  by  a  locomotive  engine  is  clearly  a  duty,  in  the  strict  sense 
of  the  term.  Whether  an  engine  be  considered  as  dragging  a  load  whose  resist¬ 
ance  is  8  lbs.  or  any  other  number  of  pounds,  per  ton ;  or,  whether  a  weight 
of  8  lbs.  for  each  ton  of  matter  moved,  descending  over  a  pulley  and  attached 
to  the  load,  be  considered  as  the  motive  force,  the  result  is  the  same  ;  and  that 
resistance — which  is  the  real  load  on  the  engine — being  ascertained,  the  whole 
duty,  or  effect,  is  found  by  multiplying  this  sum  by  the  distance  travelled  in 
feet ;  and  the  product  divided  by  the  number  of  pounds  weight  of  water  and 
coke  consumed,  respectively,  gives  the  expression  in  those  terms.  In  esti¬ 
mating  duty,  the  friction  of  the  engine  is  disregarded  ;  its  amount  formed  a  sub¬ 
ject  of  distinct  investigation  by  M.  de  Pambour,  and  is  not  included  in  his 
estimate  of  the  resistance  at  8  lbs.  per  ton  ;  nor  does  it  enter  into  the  duty  cal¬ 
culated  for  the  other  engines  in  the  Table.  The  locomotive,  and  its  tender  are 
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here  considered  only  as  carriages,  and  their  resistance  forms  part  of  the  gross 
duty,  as  the  steam  overcomes  it  all ;  the  useful  duty  is  deduced  from  the  tractive 
force  required  by  the  useful  load,  or  weight  of  wagons  and  carriages,  without 
the  engine  and  tender. — Thus,  supposing  the  following  facts  to  be  accurately 
ascertained;  viz., 

1.  The  tractive  force  per  ton  of  matter  in  motion  ; 

2.  The  space  passed  over  in  feet ; 

3.  The  consumption  of  water  as  steam,  during  the  trip; 

4.  The  consumption  of  coke . ditto ; 

we  have  all  the  elements  given  to  find  the  duty,  gross,  or  useful,  performed  by 
the  steam,  and  coke.  One  example  of  the  computation  will  suffice  for  all ;  vide 
Atlas,  Exp.  I. 

Resistance,  or  tractive  force,  1655.20  lbs.  x  155,760  feet  (in  29j  miles) 
=  257,813,952  lbs.  raised  one  foot;  which,  -j-  8260  lbs.  water  consumed  as 
steam  =  31,212  pounds  raised  one  foot,  by  one  pound  of  water  as  steam. 

Table  IX.  contains  the  requisite  data  for  computing  the  pressure  against 
the  pistons  deduced  from  the  sum  of  the  resistances,  first  calculated  on  the  as¬ 
sumed  resistance  overcome  at  the  velocity  of  the  wheel,  in  each  experiment ; 
and,  also,  the  pressure  on  the  pistons  deduced  from  the  ratio  of  the  volumes  of 
steam  and  water  consumed.  So  far  as  this  table  relates  to  M.  de  Pambour’s 
experiments  on  the  resistance  overcome,  the  pressure  on  the  pistons  of  the  seve¬ 
ral  engines  is  calculated  from  the  amount  of  the  special  frictions  and  resistances 
assigned  by  him.  He  observes,  in  the  work  referred  to,  page  239,  “  that  all  the 
power  applied  is  to  be  traced  in  the  effect  produced ,  and  there  is  not  a  single  pound  of 
which  the  use  may  not  be  pointed  out.”  I  have  already  stated  that  the  author 
assumed  the  resistance  to  progressive  motion  to  be  a  constant  quantity  at  all 
velocities ;  and  that  an  important  item  of  resistance  to  the  effective  power  of 
the  steam,  had  not  been  analysed  by  him,  viz.  the  pressure  against  the  piston, 
above  the  atmosphere,  from  the  blast. 

The  pressure  deduced  from  the  sum  of  the  resistances,  given  in  column  29,  for 
M.  de  Pambour’s  experiments  I.  to  X.,  is  composed,  1st,  of  the  friction  of  the  engine 
without  load,  which  includes  the  resistance  opposed  to  it  as  a  carriage,  in  common 
with  the  train ;  2dly,  of  the  additional  friction  brought  upon  the  engine  by  the 
load ;  3dly,  of  the  resistance  of  the  load,  at  8  lbs.  per  ton.  According  to  the  au¬ 
thor,  these  three  items  include  all  the  resistance  overcome  by  the  steam,  excepting 
that  occasioned  by  the  blast,  in  excess  above  the  pressure  of  the  atmosphere. 
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The  amount  of  the  latter  should,  therefore,  be  ascertainable  by  comparing  the 
whole  force  exerted  by  the  steam  on  the  piston,  with  the  force  assigned  as  re¬ 
quisite  to  overcome  the  aforesaid  three,  out  of  the  four  component  parts  of  the 
total  resistance.  The  difference  between  these  pressures  should  represent  the 
precise  amount  of  the  counter  elasticity  of  the  steam  in  the  blast-pipe ;  and, 
thus,  if  the  data  were  correct,  “  all  the  power  would  be  traced  in  the  effect 
produced,  and  the  use  of  every  single  pound  of  steam  pressure  on  the  piston 
would  be  accounted  for.”  To  find  the  value  of  this  latter  force  in  each  ex¬ 
periment,  it  is,  therefore,  only  necessary  to  discover  the  total  pressure  which 
has  acted  on  the  pistons,  and  to  deduct  from  it  the  pressure  required  to  balance 
the  ascertained  resistances ;  and  it  is  evident  that  their  difference  would  be  the 
unknown  quantity — or  blast  pressure. 

To  arrive  at  this  result,  I  have  calculated,  for  each  case,  the  volumes  of 
water,  and  steam,  consumed  in  equal  times  ;  and  I  have  used  M.  de  Pambour’s 
own  table  for  finding  the  elasticities  corresponding  with  the  respective  ratios 
of  the  volume  of  steam  to  that  of  the  water*.  The  total  pressure  of  the  steam 
upon  the  pistons  ;  the  pressure  due  to  the  ascertained  resistances  ;  and  the  re¬ 
sulting  difference,  are  accordingly  shewn  in  columns  29,  30,  and  31 ;  which, 
with  the  known  pressure  in  the  boiler,  will  be  found  useful  tests  of  the  accuracy, 
or  inaccuracy,  of  the  author’s  data.  The  application  of  the  same  tests  to  the 
other  experiments,  will  be  attended  with  equally  searching  effects,  as  to  their 
exactness.  (See  Table  at  the  end  of  this  Paper.) 

In  order  that  no  question  may  arise  as  to  the  fidelity  of  the  sums  set  down 
in  column  29,  I  have  brought  out  from  M.  de  Pambour’s  work,  and  given  at 
foot,  an  example  of  the  computation,  using  his  own  data  and  formulae  f. 

In  explanation  of  the  sums  assigned  to  the  volumes  of  water,  and  steam 

*  The  Theory  of  the  Steam  Engine  by  Le  Comte  de  Pambour,  page  76.  1839. 

Tons.  lbs. 

p  Atlas.  Exp.  I.  Weight  of  engine  11.4  152  friction  without  load. 

„  tender  5.5 
„  load  190.0 

lbs. 

195.5x8  1564  resistance  of  train. 

( additional  friction  of  engine 
195.5  <  D 

1  owing  to  the  load. 

Sum  of  resistance,  at  the  velocity  of  the  working  wheel  1911.5 

191T5  lbs.  X  5#887  ratio  of  the  velocity  of  the  wheel  and  of  the  piston  —  11,253  lbs.  re- 
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consumed,  it  is  necessary  to  state  that  the  whole  quantity  of  water  evapo¬ 
rated  (as  given  in  column  11)  is  reduced,  first  by  one-fourth,  in  conformity 
with  M.  de  Pambour’s  own  instructions,  (pages  182  to  184,)  as  he  found 
that,  “  of  all  the  steam  generated,  a  quarter  was  lost  through  the  safety 
valves”;  and  the  remainder  is  diminished  by  vVth,  being  the  proportion  of  in¬ 
effective  steam,  or  the  quantity  wasted,  at  each  stroke,  by  filling  the  passages 
between  the  valves  and  cylinders. 

The  volume  of  effective  steam,  therefore,  (column  26,)  being  found  by  the 
multiplication  of  the  capacity  of  the  two  cylinders,  into  the  number  of  double 
strokes  of  the  piston  per  minute,  (columns  24  and  25,)  and  divided  by  the  volume 
of  water,  corrected  as  above,  (column  27,)  the  ratio  which  they  bear  to  each 
other  is  ascertained  (column  28) ;  and  the  pressures  corresponding  with  these 
ratios  are  obtained  from  M.  de  Pambour’s  Table  above  cited.  One  example 
will  serve  to  illustrate  the  process  of  computation  ;  Atlas,  Expt.  I. 

sistance  produced  on  the  piston  ;  which,  -f-  226  area  of  the  two  pistons  in  inches  —  49-77  lbs. 
resistance  on  each  square  inch  of  the  surface  of  the  pistons. 

The  following  is  the  computation  of  the  total  resistance,  and  pressure  on  the  pistons,  for 
each  case,  from  the  respective  weights  of  engine,  tender,  and  load,  according  to  the  above  rules. 
The  friction  of  each  engine  was  determined  by  the  author  separately,  and  I  have  used  the  in- 
vidual  amount,  so  found,  in  preference  to  the  mean  of  all,  as  the  difference  between  them  is 
considerable. 


Experiment. 

Total  resistance, 
lbs. 

5.887 

~226 

Per  sq.  inch, 
lbs. 

Friction  of  engine, 
lbs. 

II . 

...  1305.26 

X 

— 

34 

.  152 

Ill . 

....  517.85 

X 

5.887 

226 

— 

13.49 

.  152 

IV . 

....  429.20 

x 

5.887 

_ 

11.17 

.  152 

226 

v . 

...  485.35 

y 

5.887 

_ 

14.68  . 

.  187 

194-40 

VI . 

...  487.63 

X 

5.887 

190 

= 

15.10  , 

.  136 

VII . 

....  903.06 

X 

5.887 

190 

— 

27.97 

.  108 

VIII . 

....  441.09 

X 

5.887 

_ 

13.66  , 

.  108 

190 

IX . 

548  20 

X 

5.887 

16.97  . 

.  109 

190 

X . 

^  614.34 

X 

5.887 

_ 

19.03 

.  109 

190 

( Treatise  on  Locomotives ,  pages  134  to  156,  and  169.) 
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4.185  cubic  feet,  the  volume  described  by  the  pistons  per  double  stroke, 
x  54.51  double  strokes,  per  minute  =  228.12  cubic  feet  of  steam  consumed  per 
minute;  which,  -f-  0.517  cubic  feet  of  water,  evaporated  per  minute  =  441 
to  1,  or  ratio  of  the  volumes  of  steam,  and  water.  By  referring  to  the  table,  it 
is  found  that  64  lbs.  pressure  per  square  inch,  is  the  elastic  force  of  steam 
ascribed  to  this  ratio  ;  deducting  from  which  14.71  lbs.,  we  obtain  49.29  lbs.  as 
the  pressure  per  square  inch,  on  the  pistons,  above  the  atmosphere. 

Table  X.  contains  the  reduction  of  each  experiment  to  terms  of  horses 
power,  and  exhibits  under  that  denomination,  1st,  the  absolute  power  resulting 
from  the  steam  used ;  2dly,  that  required  to  overcome  the  assigned  resistance ; 
3dly,  their  difference  ;  4th,  the  power  which  balances  the  gross,  and  useful  duty. 
The  consumption  of  water  as  steam,  and  of  coke,  per  hour,  and  per  horse  power, 
under  the  above  respective  heads  is  also  given ;  which,  with  the  assistance  of 
the  remarks  in  the  sequel,  will  enable  us  to  compare  the  expenditure  of  power, 
with  the  effects  produced  according  to  the  data  of  the  different  experimenters ; 
and,  finally,  to  test  the  accuracy  of  these  data,  by  bringing  the  performance  of 
the  locomotive  engines,  for  equal  expenditure  of  power,  into  comparison  with 
other  engines  in  Table  VI.  The  horse-powers  have  been  computed  as  follows: 
example,  Atlas,  Experiment  I. 

For  columns  33  and  34  the  results  are  thus  found ;  viz.  for* column  33  ; 


Area  of  the  Length  of  double 


No.  of  double 
strokes  per  min. 


Pressure :  lbs.  per 
square  inch. 


Horses  power. 


pistons :  inches.  stroke :  feet. 


54.51 


48.93 


33000  lbs. 


and  in  like  manner,  for  column  34. 
For  the  gross  duty  (column  36) ; 


Effect  in  lbs.  raised 
one  foot. 


lbs. 


Horses  power. 


Minutes. 


257,813,952  -r-  182,  and  again  by  33000  =  42.92 

and  in  like  manner  for  the  useful  duty  (column  37). 

Column  38  shews  the  difference  in  horses-power  between  the  whole  power  of 
the  steam,  and  that  required  to  overcome  the  resistances  and  frictions  assigned, 
in  Experiments  I.  to  XII. ;  and  this  difference,  according  to  the  data  of  the  expe¬ 
rimenters,  is  the  power  consumed  in  blowing  the  fire. 

The  quantities  of  water  and  coke,  in  Table  X.,  are  the  whole  amounts 
actually  expended  by  each  engine,  excepting  when  hereafter  specially  men¬ 
tioned  as  corrected  for  ascertained  waste  :  the  term,  “effective  horse-power,” 
column  35,  will  be  explained  in  the  sequel. 

vol.  hi. — part  II.  n 
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These  three  Tables — the  columns  of  which  are  numbered  forward,  for 
more  convenient  reference,  as  if  composing  one  continuous  Table — thus  present 
several  modes  of  comparing  the  respective  results  of  the  experiments  with  each 
other,  and  with  those  of  other  classes  of  engine.  For  this  purpose,  the  horse¬ 
power  deduced  from  the  gross  duty  will  be  preferable  to  the  duty  itself,  as  ve¬ 
locity  is  involved  in  the  expression ;  and  I  propose,  first,  to  apply  the  weight 
of  water  as  steam  expended  in  the  production  of  that  horse-power,  as  a  measure 
of  economical  effect,  and  as  a  test  of  the  accuracy  of  the  data  of  resistance  as¬ 
signed  by  the  different  experimenters. 

It  is  necessary  to  premise  that  the  space  passed  over  by  the  engines,  in  all 
the  experiments,  is  presumed  to  be  on  a  level  plane.  M.  de  Pambour  *  for  Ex¬ 
periments  I.  to  X.,  has  adopted  two  measures  of  the  distance  travelled  by  his 
engines  on  the  Liverpool  and  Manchester  railway,  in  order  to  obtain  a  true 
comparison  between  them.  When  help  was  given  by  one  or  more  engines  in 
ascending  inclines,  he  considers  that  help  to  have  balanced  the  additional  resist¬ 
ance  of  the  acclivities,  and  the  railway,  consequently,  to  have  been  a  dead  level 
for  the  whole  29|-  miles  traversed;  and,  when  help  was  not  given,  he  calcu¬ 
lates  the  additional  resistance,  as  equivalent  to  5  miles  on  a  level.  In  those 
cases,  therefore,  in  which  the  train  was  unassisted,  the  space  passed  over  is 
called  34-|  mile's,  and,  when  assisted,  29^  miles.  Thus,  the  velocities  are 
calculated,  in  each  experiment,  from  the  distances  assigned  by  the  author, 
the  time  remaining  unchanged,  or  that  actually  occupied  by  the  trip.  This  is  a 
rude  method,  but  it  answers  the  purpose  for  relative  comparison,  and  it  is  the 
less  necessary  to  shew  its  erroneousness,  as  it  will  hereafter  appear  that,  in  a 
later  Work,  M.  de  Pambour  has  selected  for  investigation,  experiments  on  one 
of  the  engines  in  the  Table,  to  which  he  has  applied  a  new  velocity,  and  re¬ 
vised  data  of  resistance. 

In  column  11,  the  entire  consumption  of  water  is  given,  and  from  it  the 
sums  are  derived  in  columns  39  and  41  to  45  ;  the  duty  and  the  power  are 
thus  estimated  by  the  whole  weight  of  water  as  steam  actually  expended  in 
each  instance;  but,  the  author  informs  us,  (p.  184,)  that  we  must  deduct  ^th 
for  waste,  as  only  f  ths  of  the  water  evaporated  entered  the  cylinders,  as  steam. 
For  relative  comparison,  therefore,  the  sums  suffice,  but  they  must,  in  each  case, 
be  diminished  by  one  fourth  in  order  to  ascertain  the  effective  performance  of 
the  steam,  and  to  compare  it  with  the  engines  in  Table  VI.  The  effective 

*  Treatise  on  Locomotives,  pp.  323  to  325. 
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horse-power  in  the  latter  Table  excludes,  as  does  the  tractive ,  or  gross  duty 
horse-power,  (column  36,)  all  consideration  of  the  friction  of  the  engines  un¬ 
loaded,  or  loaded,  and  the  comparison  holds  good,  in  both,  for  the  expen¬ 
diture  of  steam  to  produce  equal  effects,  with  the  correction  of  Jth  for  the 
locomotives. 

Taking  Experiments  I.  and  II.,  (column  44,)  we  find  that  according  to  M. 
de  Pambour,  47j  and  5 Of  lbs.  of  water  as  steam,  only,  have  been  consumed 
to  generate  a  horse’s-power,  or  to  raise  33000  lbs.  one  foot  per  minute.  The 
first  result  is  perhaps  within  possibility  at  the  pressure,  but  the  second  is  im¬ 
possible  with  a  pressure  of  29.79  lbs.  per  square  inch,  as,  at  that  pressure,  the 
expenditure  of  steam  by  the  common  non-condensing  engine  for  a  given  power 
exceeds  that  of  the  rotative  condensing  engine,  and  we  know  the  latter  to  con¬ 
sume  70  lbs.  of  water  as  steam  for  its  maximum  effect  (Experiment  V.,  Table 
VI.).  It  appears  also,  (column  31,)  that  a  vacuum  existed  on  the  opposite  side 
of  the  pistons  in  both  these  experiments ;  which  is,  also,  an  impossible  result : 
we  must,  therefore,  conclude  either  that  the  resistance  of  8  lbs.  per  ton  assigned 
to  the  load  at  1 5  miles  per  hour  is  considerably  too  high,  or  that  the  evapora¬ 
tive  data  are  exceedingly  incorrect. 

Experiment  VIII.,  on  the  Leeds  engine,  satisfies  the  conditions  of  the  non¬ 
condensing  principle  in  the  consumption  of  steam,  at  the  pressure  of  13.661bs., 
(as  determined  by  Experiment  III.  in  Table  VI.,)  inasmuch  as,  at  the  velocity 
of  26.70  miles  per  hour,  the  gross  load  being  44.08  tons,  the  horse-power  re¬ 
quired  123  lbs.  of  water  as  steam  to  create  it.  Thus,  at  that  velocity,  and  with 
that  load,  8  lbs.  per  ton  was  the  sum  of  the  entire  resistance  overcome  by  the 
steam,  exclusive  of  the  friction  of  the  loaded  engine.  But  the  whole  of  this  re¬ 
sistance  must  not  be  confounded  with,  nor  considered  as,  tractive  force ;  it  in¬ 
cludes  the  amount,  whatever  it  might  be,  required  to  overcome  the  surplus 
pressure  from  the  blast  above  the  atmosphere,  which  must  be  ascertained,  and 
deducted,  before  the  true  power,  and  the  true  consumption  of  water  as  steam, 
for  tractive  effort,  can  be  determined.  On  this  head  the  author  was  silent,  and 
as  before  shewn,  in  explaining  the  Tables,  I  have  endeavoured  to  discover  the 
intensity  of  the  blast-pressure,  by  ascertaining,  and  comparing  the  total  pressure 
of  the  steam  on  the  pistons,  with  that  arising  from  the  assumed  resistances. 

It  appears,  from  the  ratio  of  the  volumes  of  steam  and  water  consumed 
in  this  experiment,  that  the  total  pressure  on  the  pistons  was  25.62  lbs.  per 
square  inch,  of  which,  the  force  required  to  overcome  the  sum  of  the  resist¬ 
ances  was  1 3.66 lbs.,  and  their  difference  11.96 lbs.  per  square  inch;  so  that 
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this  difference,  or  blast-pressure  was  equal,  within  |th,  to  the  whole  pressure 
required  by  the  friction  of  the  loaded  engine,  and  the  resistance  of  the  engine, 
tender,  and  train  :  and  this  blast-pressure  reduced  to  power  (column  38)  was 
27.41  horses,  whereas,  the  tractive  force,  from  the  datum  of  8  lbs.  per  ton, 
(column  36,)  amounted  only  to  25.11  horses-power. 

A  superficial  examination  would  thus  have  indicated  the  resistance  to  trac¬ 
tion  of  8  lbs.  per  ton  as  correct,  under  the  conditions  of  this  experiment ;  but, 
such  a  conclusion  would  be  most  erroneous,  for  the  water,  as  steam,  has  not  only 
been  employed  to  do  the  duty,  but  to  blow  the  fire,  which  two  operations  have 
required  25.11  +  27.41  =  52.52  horses  power  ;  and  the  water  hourly  expended 
as  steam  3087.29  lbs. 52.52  horses  power  =  58.78  lbs.  consumed  per  effective 
horse  power,  per  hour,  instead  of  123  lbs.  before  found. 

The  enquirer  will  naturally  ask  whence  proceeds  the  error,  for  some  great 
error  must  exist,  as  it  is  not  credible  that,  when  the  sum  of  the  active  resist¬ 
ances  amounted  only  to  13.66  lbs.  pressure  per  square  inch  on  the  pistons,  the 
passive,  or  blast  resistance  should  nearly  equal  it.  The  enigma  is  readily 
solved  by  comparing  these  results  with  Experiment  VII.  on  the  same  engine ; 
and  the  conclusion  is  inevitable  that  either  the  resistances,  or  the  consumption 
of  water,  or  both  of  these  data,  are  very  incorrectly  estimated,  for  we  find 
(column  31)  a  nearly  equal  blast-resistance  resulting  from  the  use  of  39.19  and 
25.62  lbs.  absolute  pressure  on  the  pistons,  respectively,  in  the  two  cases. 

The  Vesta,  Experiment  V.,  having  the  highest  velocity  in  the  Table,  viz. 
31.60  miles  per  hour,  is  represented  to  have  had  an  absolute  pressure  of  15.30  lbs. 
per  square  inch  on  the  pistons ;  the  difference  between  that,  and  the  pressure 
deduced  from  the  resistance  being  only  0.62  lbs.,  which  represents  the  blast- 
pressure. 

The  absolute  pressure  on  the  pistons  corresponds  within  0.30  lbs.  with  that 
in  Experiment  III.,  Table  VI.  but  the  water  consumed  as  steam,  (column  44,) 
diminished  by  £th  for  waste,  is  only  101.55  lbs.  for  the  effective  load  per  horse-  * 
power  per  hour  by  the  locomotive ;  whereas,  the  fixed  non-condensing  engine, 
without  a  blast,  required  120  lbs.  per  horse  power  per  hour. 

The  Vulcan,  Experiment  VI.,  has  an  absolute  pressure  of  20.04  lbs.,  being 
the  same  as  the  non-condensing  engine,  Experiment  II.,  Table  VI. ;  and  its  con¬ 
sumption  of  water  as  steam  is  only  99.86  lbs.  for  the  same  effect  which  lequired 
for  its  performance  by  the  latter  125  lbs.  4  he  former,  too,  had  a  counter  ie- 
sistance  against  its  piston  from  the  blast  equal  to  5.94  lbs.  per  square  inch, 
equal  in  power  (column  38)  to  11.38  horses,  which,  being  so  much  load  in 
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addition  to  the  duty  done,  at  8  lbs.  per  ton  tractive  effort,  brings  the  effective 
power  of  the  steam  in  the  Vulcan  to  38.57  horses,  and  the  consumption  of 
water  per  horse  power  per  hour  to  70.40  lbs.,  or  equal  to  the  condensing  en¬ 
gine — an  impossible  result  at  the  pressure  assigned. 

The  errors,  therefore,  are  great  and  manifest.  Had  the  consumption  of 
water  as  steam  been  accurately  given  for  Experiment  VIII.,  the  conclusion 
would  have  been  indisputable,  that  8  lbs.  per  ton  was  the  whole  resistance 
overcome  by  the  steam  besides  the  proper  friction  of  the  loaded  engine ;  but 
this  would  not  coincide  with  M.  de  Pambour’s  determination  that  8  lbs.  per 
ton  was  the  tractive  effort  required  of  the  engine  ;  for,  it  includes  the  resist¬ 
ance  opposed  by  the  blast;  so  that,  even  at  a  velocity  of  26.07  miles  per 
hour,  the  resistance  to  progressive  motion  is  overrated  at  8  lbs.  per  ton.  Thus, 
it  is  palpable  that  no  reliance  can  be  placed  on  the  datum  of  water ;  and  it  is 
equally  evident  that  the  datum  of  resistance  is  very  inaccurate  ;  so  that  no¬ 
thing  can  be  gathered  from  this  analysis,  but  that  the  author  has  signally  failed 
both  in  his  observations  of  the  steam  generated,  and  in  his  estimations  of  the 
force  opposed  to  progressive  motion. 

Recurring  to  the  experiment  with  the  Vulcan  at  26.90  miles  per  hour,  I 
have  already  shewn  the  resistance  to  have  been  greatly  exaggerated,  the 
evaporation  greatly  underrated,  or  that  we  must  be  credulous  enough  to  be¬ 
lieve  the  horse-power  to  have  been  generated  in  the  locomotive  by  70.40  lbs. 
of  water  as  steam  per  hour,  using  the  same  pressure  which  requires  125  lbs. 
in  the  fixed  non-condensing  engine  to  produce  a  like  effect,  70  lbs.  being  the 
consumption  of  the  condensing  engine.  Results  equally  inconsistent  with 
the  capabilities  of  the  locomotive  are  perceptible  in  every  one  of  these  experi¬ 
ments. 

I  cannot  imagine  any  conclusion  to  be  safer,  or  more  irrefragable,  than 
that  a  condensing  engine  placed  on  wheels,  with  water  of  condensation  trans¬ 
ported  for  its  supply,  and  made  to  drag  a  train  of  wagons,  or  coaches  along  a 
railway,  would  require  precisely  the  same  power,  in  water  as  steam,  to  pro¬ 
duce  a  given  effect,  as  if  its  foundations  were  based  on  a  rock.  No  change  has 
taken  place  in  the  engine  by  rendering  it  locomotive ;  it  is  intrinsically,  and 
practically  the  same  machine ;  and  like  effects  would  necessarily  result  from 
a  like  expenditure  of  power,  whether  the  engine  were  at  rest,  or  in  motion  : 
consequently,  the  effect  produced,  of  whatever  nature  it  may  be,  is  measurable 
by  the  expenditure  of  power.  By  parity  of  reasoning,  the  non-condensing  en¬ 
gine  is  one  and  the  same  machine,  whether  fixed,  or  locomotive ;  excepting 
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that  the  latter  must  consume  more  power  than  the  former  to  do  equal  work,  at 
like  pressures,  by  the  amount  of  additional  resistance  arising  from  the  con¬ 
traction  of  its  eduction  pipes,  in  order  to  produce  a  fierce  blast  of  steam  through 
the  chimney.  No  change  in  mechanical  structure  has  been  made,  but,  it  is 
reasonable  to  conclude  that,  from  its  shorter  stroke,  shorter  connecting  rod, 
and  greater  velocity  of  its  piston,  at  high  speeds,  the  locomotive  would  be 
subject  to  greater  friction  than  a  fixed  engine ;  which  would  necessarily  aug¬ 
ment  its  consumption  of  power.  The  crank-shaft,  too,  through  which  the 
power  is  transferred,  is  liable  to  strains,  and  shocks,  from  which  the  same  part 
of  a  fixed  engine  is  free ;  hence,  another  disadvantage,  and  additional  waste  of 
power.  Thus,  the  fixed  non-condensing  engine  is  the  more  economical  of  the 
two ;  but,  if  M.  de  Tambour’s  data  are  correct,  we  must  abandon  all  precon¬ 
ceived  opinions,  and  all  belief  in  the  accuracy  of  preascertained  results  on  the 
non-condensing  engine  ;  we  must  reverse  our  engineering  creed,  and  acknow¬ 
ledge  the  fixed  non-condensing  engine,  with  its  simple  atmospheric  resistance, 
to  be  far  inferior,  in  economy  of  steam,  to  the  locomotive,  with  its  plus  at¬ 
mospheric  resistance. 

It  is  seen  that,  according  to  the  author,  the  Atlas  in  the  two  first  experi¬ 
ments,  consumed  47j  and  50f  lbs.  of  water  as  steam  (waste  deducted)  per 
horse-power  per  hour,  (column  44,)  which  gross  amounts  have  still  to  be  re¬ 
duced  for  the  power  consumed  in  overcoming  the  blast  pressure.  We  shall 
now  see  results  more  surprising  than  the  foregoing,  for  it  appears  that  though 
the  resistance  required  49-77  lbs.  pressure  per  square  inch  on  the  pistons,  in  the 
one  case,  and  34  lbs.  in  the  other,  to  overcome  it,  there  existed  no  counter 
pressure  in  the  blast  pipe;  but,  on  the  contrary,  a  vacuum,  (column  31,)  amount¬ 
ing  in  the  first  experiment  to  nearly  lb.,  and  in  the  second,  to  4^  lbs.  per 
square  inch ;  column  38  shews,  consequently,  that  less  power  was  created  by 
the  steam,  in  these  two  experiments,  than  balanced  the  assigned  resistances, 
amounting  in  the  second  case  to  no  less  than  6.45  horses-power.  These  are 
the  results  flowing  from  the  comparison  of  the  absolute  pressure  and  power 
deduced  from  the  ratios  of  the  volumes  of  steam  to  water,  with  the  power  and 
pressure  deduced  from  the  respective  sums  of  resistance  assigned  by  the  au¬ 
thor.  Hence,  we  are  called  upon  to  believe  the  authenticity  of  data  which, 
in  the  case  of  the  Atlas,  Experiment  II.,  establish  a  resistance  equal  to  a  pres¬ 
sure  of  34  lbs.  per  square  inch,  with  a  vacuum  in  the  blast  pipe ;  and,  in  the 
case  of  the  Leeds ,  Experiment  VIII.,  a  resistance  equal  to  13.66  lbs.  on  the 
piston,  and  a  countev  pressure  of  11.96  lbs.  per  square  inch  in  the  blast  pipe ;  we 
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are  required  to  believe  that,  with  an  active  pressure  on  the  pistons  2^-  times 
greater  in  the  one  case  than  the  other,  the  passive  pressure  against  the  pistons 
is  2  J  times  less. 

Let  it  not  be  thought  that  these  cited  cases  are  exceptions  to  the  accuracy 
of  others. 

The  Vesta ,  Experiment  V.,  having  a  velocity  of  31.60  miles  per  hour,  ex¬ 
hibits  a  blast  pressure  of  only  -f^ths  of  a  pound  per  square  inch  ;  whilst  the 
Vulcan ,  Experiment  VI.,  at  26.90  miles  per  hour,  shews  5.94  lbs.  per  square 
inch  as  the  counter  resistance ;  and  this  last,  whose  velocity  is  the  same  as  the 
Leeds ,  Experiment  VIII.,  appears  to  have  only  half  the  amount  of  blast  resist¬ 
ance  to  surmount,  as  the  Leeds.  Similar  discrepances  appear  in  all  of  them. 
It  is  however,  preferable,  and  fairer  to  examine  the  authenticity  of  the  data  by 
results  on  the  same  engine.  Thus,  we  should  conclude,  from  Experiments  I.  and 
II.  on  the  Atlas ,  that  the  resistance  occasioned  by  the  blast  diminishes  with  the 
velocity,  and  with  the  active  pressure  ;  whereas,  by  comparing  Experiments 
II.  and  III.  on  the  same  engine,  a  great  increase  in  blast  pressure  is  shewn  at 
the  higher  velocity.  In  the  Leeds  the  counter  resistance  is  the  same  at  two 
very  different  velocities,  and  two  very  different  active  pressures  ;  in  the  Fury 
(the  experiments  on  which  engine  will  hereafter  be  shewn  to  be  very  anoma¬ 
lous)  the  blast  pressure  diminishes  with  the  velocity  of  the  piston,  whilst  the 
active  pressure  increases  at  the  higher  velocity.  These  discrepances  arise  out 
of  extreme  inaccuracy  in  the  data  of  water,  and  resistance  ;  and  possibly,  of 
velocity  also. 

A  few  more  remarks  on  this  subject  are  still  requisite  to  render  strict  justice 
to  the  author.  The  previous  comparisons  between  the  intensity  of  pressure  on 
the  pistons,  arising  from  the  data  of  water,  and  resistance,  result  from  a  close  ad¬ 
herence  to  his  own  instructions  respecting  the  mean  allowance  for  waste  steam. 
This  mean  was  deduced  from  special  experiments  on  the  quantity  of  steam 
which  escaped  during  the  trips,  as  determined  by  the  degree  of  the  rising  of  the 
safety  valves,  in  each  instance  ;  and,  though  I  attach  no  faith  to  the  exactness 
of  the  approximations  to  waste  obtained  by  this  method,  and  adopted  by  the 
author,  still  it  may  be  urged  that  each  experiment  should  be  investigated,  after 
corrections  suited  to  its  own  particular  case. 

The  rising  of  the  valve #,  Experiment  I.  on  the  Atlas,  indicated  a  loss  of  |th 
of  the  steam,  so  that,  to  arrive  at  perfect  correctness,  we  must  deduct  that 

*  Treatise  on  Locomotives,  p.  75. 
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quantity  instead  of  ith.  Using,  therefore,  this  correction  for  water  consumed, 
and  afterwards  Voth  for  waste  steam,  the  ratio  of  steam  to  water  is  390  to  1, 
and  the  pressure  on  the  pistons  58.10  lbs.  per  square  inch,  which,  by  com¬ 
parison  with  the  pressure  due  to  the  ascertained  sum  of  the  resistances,  would 
give  8.33  lbs.  per  square  inch  for  the  unascertained  amount,  or  blast  pressure. 
This  result  would  seem  to  indicate  an  approach  to  the  region  of  truth  and 
credibility ;  but,  unfortunately,  a  reference  to  column  32  destroys  the  hope  of 
so  easily  extricating  ourselves  from  this  labyrinth  of  error,  by  exhibiting  the 
fact  that  the  pressure  in  the  boiler  (about  which  I  should  think  there  could  be 
no  mistake)  was  only  53.7  lbs.,  so  that  the  pressure  on  the  pistons  could  not 
have  exceeded  it,  or  have  attained  58.10  lbs.!  Granting,  however,  for  an 
instant,  that  the  pressure  in  the  boiler  might  have  been  erroneously  observed, 
and  that  the  data  for  the  resistances  and  water  were,  possibly,  correct,  let  us 
see  how  the  latter  accord  with  the  results  of  other  engines.  The  gross  duty 
or  tractive  power  (column  36)  is  42.92  horses,  and  the  power  required  to 
overcome  the  blast  pressure  of  8.33  lbs.,  now  found,  would  amount  to  8.26 
horses;  so  that  the  effective  power  of  the  steam  was  51.18  horses.  The 
water  consumed  per  hour  was  2703.07  lbs.  —  453.84  lbs.,  for  |th  wasted, 
=  2269.23  lbs.  which  -f-  51.18  horses  =  44.33  lbs.  of  water  as  steam  consumed 
per  horse-power,  per  hour ;  so  that  the  Atlas ,  in  this  experiment,  did  equal 
work  with  the  non-condensing  engines  in  Table  VI.,  with  little  more  than  one 
third,  and  equal  work  with  the  rotative  condensing-engines  with  little  more 
than  two  thirds  the  respective  expenditure  of  water,  as  steam,  by  those 
engines. 

I  will  take  one  more  example  from  the  Atlas ,  viz.,  Experiment  II.,  (the  2d, 
also,  in  the  author’s  Treatise  before  referred  to,  p.  75).  The  rising  of  the  valve 
indicated  an  actual  loss  of  Vo  th  only ;  deducting,  therefore,  this  quantity 
from  the  water,  instead  of  ith,  and  afterwards  Voth,  the  ratio  of  the  volumes 
of  steam  and  water  comes  out  as  472  to  1,  and  shews  a  pressure  of  44.04  lbs. 
per  square  inch  on  the  pistons,  from  which  subtracting  34  lbs.  required  for 
resistance,  10.04  lbs.  would  be  left  for  blast  pressure.  Now,  the  gross  duty, 
or  tractive  power  is  (column  36)  44.65  horses,  and  the  blast  pressure  is  equiva¬ 
lent  to  15.37  horses-power,  making  60.02  effective  horses-power.  The  whole 
water  consumed  per  hour  was  3018.81  lbs.  which,  diminished  by  Voth  = 
2943.34  lbs.  -h  60.02  =  49.03  lbs.  as  the  consumption  of  water  as  steam  per 
effective  horse-power,  per  hour ;  which  is,  also,  an  impossible  result. 
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I  have  thus  applied  the  author’s  most  minute  corrections  to  his  experiments ; 
I  have  “  traced  the  use  of  every  pound  of  steam,  in  the  effect  produced,”  accord¬ 
ing  to  his  own  data ;  and  the  result  is,  that  if  those  data  be  correct,  the  sooner 
we  substitute  non-condensing,  for  condensing  engines,  for  all  purposes,  the 
better ;  for,  it  seems  that  the  locomotive  has  a  faculty  of  producing  an  equal 
effect,  with  only  two- thirds  of  the  expenditure  of  power  required  by  the  con¬ 
densing  engine. 

The  foregoing  investigation  of  M.  de  Pambour’s  experiments  was  completed 
previous  to  the  appearance  of  his  “  New  Theory  of  the  Steam  Engine ,”  but  I 
have  since  computed  all  the  pressures  resulting  from  the  ratio  of  the  volumes  of 
steam  and  water,  by  the  elaborate  and  useful  Table  contained  in  this  last  work, 
which  I  have  transferred  to  the  end  of  these  pages  as  necessary  for  reference. 
These  pressures  were  originally  deduced  from  a  less  ample,  and,  probablv, 
less  accurate  table  in  the  same  author’s  “  Treatise  on  Locomotives ,”  page  204. 

M.  de  Pambour  has  seen  reason,  since  the  first  publication  of  his  experi¬ 
ments,  to  modify  his  original  data  of  resistance,  by  assigning  relative  quan¬ 
tities  due  to  friction,  and  to  the  air,  at  all  velocities.  He  has,  also,  supplied 
his  original  omission  of  blast  pressure,  by  assigning  a  value  for  it,  at  all 
velocities.  Pie  has,  thereby,  enabled  me  to  examine  his  revised  opinions  as 
contained  in  his  “ New  Theory  of  the  Steam  Engine and  it  will  presently 
be  seen  whether,  and  in  what  degree,  he  has  corrected  the  errors  pointed  out 
in  the  experiments  themselves,  or  in  his  deductions  from  them.  The  new,  or 
amended  data  adopted  by  the  author  are  ; 

1st.  That,  “  when  the  velocity  is  10  miles  per  hour  for  the  engine,  or  150 
feet  per  minute  for  the  piston,  the  pressure  arising  from  the  blast-pipe 
is  1.75  lbs.  per  square  inch  on  the  surface  of  the  piston,  and  that  it 
varies  in  the  direct  ratio  of  the  velocity  of  the  motion.”  (page  161). 

2d.  That,  “  the  resistance  of  the  air  against  a  train  of  mean  surface  is  33 
lbs.  at  the  velocity  of  10  miles  per  hour  for  the  engine;”  and  “  that  it 
increases  as  the  square  of  the  velocity.”  (page  162). 

3d.  That,  “  the  resistance  to  progressive  motion,  independent  of  the  air,  is 
7  lbs.  per  ton.”  (page  35). 

Using  these  data,  the  author  has  adduced  two  of  his  previous  experiments 
on  the  Leeds  engine,  to  shew  the  superior  accuracy  of  his  New  Theory , 
over  the  theories  of  other  writers  on  the  subject.  With  these  I  have  nothing 
to  do,  dealing,  as  my  object  professedly  is,  only  with  facts,  or  with  data 
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assumed  as  facts,  which  I  shall  proceed  to  quote  in  the- author’s  own  words, 
referring  to  the  number  of  the  experiment  corresponding  with  them  in  Tables 
VIII.,  IX.,  X.  The  following  particulars  are  extracted  from  pages  34  to  41, 
“  New  Theory  of  the  Steam  Engine.” 

Experiment  XIII.  “  The  locomotive  Leeds ,  which  has  two  cylinders  of  11 
inches  diameter  ;  stroke  of  the  piston,  16  inches ;  wheels,  5  feet ;  weight,  7-07 
tons  ;  drew  a  load  of  88.34  tons,  ascending  a  plane  inclined  ttW,  at  a  velocity 
of  20.34  miles  per  hour,  the  effective  pressure  in  the  boiler  being  54  lbs.  per 
square  inch,  or  the  total  pressure  68.71  lbs.  per  square  inch.” 

Experiment  XIV.  “  The  same  day,  the  same  engine  drew  a  load  of  38.52 
tons,  descending  a  plane  inclined  xobr,  at  the  velocity  of  29.09  miles  per 
hour  ;  the  pressure  in  the  boiler  being  precisely  the  same  as  in  the  preceding 
experiment,  and  the  regulator  opened  to  the  same  degree.  These  experiments 
are  given,  pp.  233,  234,  of  our  Treatise  on  Locomotives.  (1st  Edition.)” 

“  Now,  during  the  journey,  of  which  the  first  of  these  experiments  was  a 
part,  the  engine  evaporated  60.52  cubic  feet  of  water  per  hour;  {Treatise  on 
Locomotives ,  1st  edition,  p.  175;)  which,  after  a  deduction  of  fth  for  the  loss 
of  steam  by  the  safety  valve,  measured  as  explained  in  Section  VIL,  and  of 
aVth  on  the  rest  for  the  filling  up  of  the  vacant  spaces  of  the  cylinder,  leaves 
an  effective  evaporation  of  .77  cubic  feet  of  water  per  minute.”  The  same 
evaporation  is  applied  by  the  author  to  the  2d  experiment. 

He  then  proceeds  to  give  “  a  detailed  calculation  of  the  effects  produced  ” 
in  the  two  cases,  which  I  shall  follow  verbatim,  separating  only  the  friction 
and  resistances  of  the  engine,  and  tender,  from  that  of  the  train,  with  the  view 
of  ultimately  exhibiting  the  power  usefully,  and  uselessly  expended  by  a  loco¬ 
motive.  In  this  work  the  author  refers  for  an  explanation  of  his  present  use  of 
7  lbs.  per  ton  as  the  tractive  resistance,  and  of  his  method  of  ascertaining  the 
blast  pressure,  and  air  resistance,  at  different  velocities,  to  the  “  2d  edition 
of  his  Treatise  on  Locomotives'”  but  it  is  remarkable  that  this  2d  edition,  quoted 
by  him  as  a  necessary  reference,  has  not  yet  seen  the  light;  so  that  I  am  unable 
to  elucidate  these  points. 


STEAM-BOILERS  AND  STEAM-ENGINES. 


95 


DETAILED  CALCULATION  OF  THE  EFFECTS. 

1st  Case.  (Experiment  XIII.) 

_  Tons.  H)S. 

Resistance  of  the  train  (20  wagons)  83.34,  at  7  lbs.  per  ton .  5 83 

Gravity  of  83.34  tons,  on  plane  rising  _JL_ .  143 

Resistance  of  the  air  against  the  train  at  the  velocity  of  the  motion . 

lbs 

Friction  of  the  engine,  without  load .  82 

Additional  friction  for  a  resistance  equivalent  to  —  131  tons  .  131 

7  ...  213 

Resistance  of  the  tender  5  tons,  at  7  lbs.  per  ton .  35 

Tons. 

Gravity  of  engine  and  tender  12.07  on  the  plane  .  _j_  21 

For  pressure  caused  by  the  blast-pipe,  being  at  the  velocity  3.4  lbs.  per 
square  inch  on  the  piston . 

Total  resistance  overcome  at  the  velocity  of  the  wheel  . 

lbs.  per  sq.  in.  , 

on  niston  horses  power. 

.*.1238  X  5.9-f- 190.06  rr  38.43.  and  38.43  X  (190'06  X2’66  X  114>|  -67  H 

'  33000  /  ‘  ’ 

2d  Case.  (Experiment  XIV.) 

Tons.  jbs 

Resistance  of  the  train  (7  wagons)  33.52,  at  7  lbs.  per  ton  .  234 

Gravity  on  plane  descending  . . .  __  gg 

Resistance  of  the  air  against  the  train,  at  the  velocity  of  the  motion . 

lbs. 

Friction  of  the  engine,  without  load  .  82 

Additional  friction  for  a  resistance  equivalent  to  66  tons  .  66 

-  148 

Resistance  of  the  tender,  5  tons,  at  7  lbs.  per  ton  .  35 

Tons.  183 

Gravity  of  engine  and  tender  12.07,  on  the  plane  .  _  24 

For  pressure  caused  by  the  blast-pipe,  being  at  the  velocity  5.1  lbs.  per 
square  inch  on  the  piston . 

Total  resistance  overcome  at  the  velocity  of  the  wheel . 

lbonPpisSt2n!n-  ^rses  P°"«- 

.-.771  X  5.9-^190.06  =  23.93.  and  23.93  X  Z190-06  *  2-66  X  162.41  \  _59  5 

V  33000  / 


726 

134 


269 

109 

1238 


lbs. 


166 

282 


159 

164 

771 
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These  data  are  elaborated  in  the  Tables  to  the  same  terms  as  the  other  ex¬ 
periments,  but  with  certain  changes  of  value  arising  out  of  the  assigned  aliquot 
parts  of  the  total  resistance,  which  require  notice  ;  and  this  is  the  more  neces¬ 
sary,  because  the  accuracy  of  the  author  as  an  experimenter,  together  with  the 
practical  'value  of  his  experiments  and  deductions,  are  to  be  judged  of  by  these 
new  data,  rather  than  by  the  foregoing  investigation  of  his  old  data  ;  inasmuch 
as  they  must  be  considered  to  be  his  conclusions  matured  by  four  years  of  re¬ 
flection,  and  additional  experience.  By  the  subdivision  of  the  frictions  and 
resistances,  duty  can  be  properly  estimated — as,  also,  effective  horse-power — so  as 
to  bring  these  definitions  of  work  and  power,  to  a  truer  comparison  with  the 
same  definition  applied  to  other  engines.  I  must,  therefore,  shew  the  manner 
of  separating,  and  ascertaining  these  values,  as  respectively  set  down  in  the 
columns. 

I  consider  the  duty  of  a  locomotive  to  be  that  appreciable  effect  which  is 
performed  by  the  engine  independent  of  all  opposition  from  the  air  to  the  pro¬ 
gressive  motion  of  a  train.  It  is  only  in  this  view  that  duty  strictly  corre¬ 
sponds  with  its  received  definition ;  for  the  practical  performance  of  a  pumping 
engine  estimated  by  the  duty  done,  or  weight  of  water  raised  one  foot,  by  a 
pound  of  steam,  omits  taking  into  account  the  friction  of  the  water  in  the 
pipes  ;  the  duty  is  taken  on  the  weight  raised,  only.  The  weight  raised  by  a 
locomotive,  in  the  same  sense  of  duty,  is  that  which  is  necessary  to  communi¬ 
cate  motion  to  the  train  ;  and  this  weight,  or  tractive  force,  is  now  assumed  by 
the  author  to  be  equal  to  7  lbs.  per  ton  of  matter  moved  on  a  level  plane,  and 
to  be  a  constant  quantity,  at  all  velocities.  In  the  cases  cited,  he  increases,  or 
diminishes  this  weight,  in  ascending  or  descending  inclines,  on  the  principle 
that  the  tractive  force  “  is  the  gravity  along  the  plane,  and  equal  to  the  mass 
that  is  to  be  moved,  divided  by  the  number  that  marks  the  inclination  of  the 
plane.”  {Treatise  on  Locomotives,  p.  206). 

The  true  effective  power  of  the  steam  is  here  considered  to  be  that  expended 
in  overcoming  every  species  of  resistance,  excepting  the  friction  of  the  engine 
itself,  ymd  the  counter  pressure  of  the  blast.  It  is  not  in  every  case  that  this 
amount  can  be  arrived  at,  as  previously  shewn,  (page  51  of  this  paper,)  but 
according  to  the  data  before  us  it  is  determinable.  It  is  the  gross  duty  just  ex¬ 
plained,  plus  the  resistance  of  the  air.  The  proportionate  values  of  these  several 
resistances  are  thus  found : 
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1st  Case.  (Experiment  XIII.) 


Tons. 


Resistance  of  train  and  tender  88.34,  at  7  lbs.  per  ton  .  618 

Gravity  of  95.41  tons  (engine,  tender,  and  train)  on  plane  rising  -1  ...4-164 

1300 


lbs.  per  ton 
on  the  gross  load. 


the  gross  duty . 

j-  At  the  velocity  of  the  wheel . 

Resistance  of  the  air,  at  20.34  miles  per  hour . 

Tractive  force  for  computing  ] 
effective  power . J 

(  At  the  velocity  of  the  wheel  . 

.  916  —  9.60 

Friction  of  loaded  engine . 

Resistance  from  blast-pipe  . 

r-H 

II 

O 

Total  resistance  at  the  velocity  of  the  wheel . 

2d 

Case.  (Experiment  XIV.) 

Tons.  lbs> 

Resistance  of  train  and  tender  38.52,  at  7  lbs.  per  ton .  270 

1 


lbs.  per  ton 
on  the  gross  load. 


Gravity  of  45.59  tons  descending  plane 


1094 


—  93 

177  =  3.88 
282  =  6.72 


Tractive  force  for  computing  ) 

gross  duty . }  At  ,he  ve,ocit>'  of  the  wheel  . 

Resistance  of  the  air  at  29-09  miles  per  hour . 

Tractive  force  for  computing  )  -  - 

effective  power . /  At  the  veloci,y  of  the  wheel  .  «»  =  1«.60 

Friction  of  loaded  engine .  148  —  3.24 

Resistance  from  blast-pipe  .  164  —  3.07 

Total  resistance  at  the  velocity  of  the  wheel . 771  16.91 


Supposing  these  data  to  be  correct,  the  decomposition  of  the  component  parts 
of  the  total  resistance  enables  us  to  determine  the  amount  of  steam  power  con¬ 
sumed  in  overcoming  each  item  of  resistance,  at  the  two  velocities  ;  and  I  have, 
accordingly,  worked  out  the  particulars  as  follows  : 
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Exp.  XIII. 

Exp.  XIV. 

Velocity  20.34  miles  per  ho. 

Velocity  29.09  miles  per  ho. 

Resistance  of  the  train . 

H.  P. 

H.  P. 

..  39.355 

12.810  Useful  effect. 

Ditto  of  the  air  . 

..  7.263 

21.762 

Ditto  of  engine  and  tender,  and  friction  of ) 

°  '  \ 

>  14.582 

12.270 

the  engine . ) 

Ditto  caused  by  the  blast  . 

..  5.908 

1 2.656 

Absolute  power  of  the  steam . 

67.108 

59.498 

Effective  ditto . 

49.654 

35.422 

Ineffective  ditto  . 

17.454 

24.076 

Useful  power  of  the  engine  . 

39.355 

12.810 

Useless  ditto . 

27.753 

46.688 

67.108 

59.498 

The  useful  effect  is  the  useful  duty  arising  from  the  resistance  to  the  train 
only,  and  it  thus  appears  from  these  two  experiments  (always  premising  the 
data  to  be  correct)  that  at  a  velocity  of  29.09  miles  per  hour,  it  required  more 
than  three  times  as  much  power  to  realize  the  same  useful  effect,  as  at  20.34 
miles  per  hour ;  a  result,  of  which  we  shall,  hereafter,  see  great  reason  to 
doubt  the  truth. 

In  order  to  establish  a  true  comparison  between  these  new  results  and  the 
engines  in  Table  VI.,  column  16,  the  whole  water  must  be  divided  by  the  sum 
of  the  effective  power,  plus  the  additional  power  required  to  balance  the  blast 
resistance;  these  amount  for  the  1st  case  to  55-J,  and  for  the  2d  case  to  48 
horses,  which  gives  the  water  consumed  respectively  per  horse,  per  hour,  as 
54 J  and  63  lbs.  In  all  the  columns  the  water  has  been  diminished  by  vth  for 
waste  according  to  the  author’s  instructions.  Thus,  it  is  evident  that  the  original 
error  of  far  too  high  an  estimate  of  resistance  still  clings  to  the  data  as  amended, 
for  it  is  utterly  impossible  that  the  locomotive  should  accomplish  an  equal 
effect,  with  yth  less  steam  than  the  condensing-engine.  To  go  over  this  ground 
again,  would  be  a  mere  repetition  of  arguments  previously  used. 

It  is  also  demonstrable  that,  on  the  supposition  of  the  data  being  cor¬ 
rect  for  the  first,  they  are  incorrect  for  the  second  experiment ;  for  the  author 
has  left  nothing  to  be  guessed  at ;  no  unknown  quantities  have  to  be  found 
from  known  ones ;  he  has  assigned  the  particular  values  of  every  component 
portion,  as  well  as  the  sum  total  of  the  resistances  to  be  overcome.  He  has, 
also,  informed  us  that  in  the  two  experiments  “  the  pressure  in  the  boiler  was 
precisely  the  same,  and  the  regulator  opened  to  the  same  degree.”  The  power 
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applied  in  the  two  cases  was,  consequently,  precisely  equal,  and  equal  weights 
of  water  as  steam  passed  through  the  cylinders  in  equal  times  ;  whence,  it 
results  that  the  effects  should  have  been  similar.  The  expenditure  of  power 
was,  however,  greater  by  more  than  a  third  in  the  second  than  in  the  first 
case,  to  produce  like  effects,  for  we  see  that  the  effective  horse-power  required 
85.43  lbs.  of  water  as  steam  in  the  second,  and  only  60.94  lbs.  in  the  first. 
Either,  then,  the  sum  of  the  resistances  overcome  must  have  been  greater  by 
one  third,  than  the  author’s  estimate,  in  the  2d  experiment,  or  it  was  too  small 
in  the  1st,  or  he  has  erred  in  applying  the  same  measure  of  water  to  both. 

It  is  very  remarkable  that  such  an  enormous  discrepancy  should  have 
escaped  M.  de  Pambour’s  notice.  In  his  Treatise  on  Locomotives ,  pp.  310  to 
312,  he  states  a  near  parallel  to  these  two  experiments  by  supposing  a  case  of 
“  the  same  engine,  with  the  same  pressure  in  the  boiler,  travelling  the  same 
distance  with  two  different  loads.  The  distance  travelled  being  the  same,  the 
number  of  turns  of  the  wheel,  and  consequently  of  strokes  of  the  piston,  or 
cylinders  of  steam  expended  will  be  the  same  in  the  two  cases — he  proceeds, 
“  the  mass,  or  weight  of  steam  expended,  will  be  in  each  case  in  the  ratio  of 
the  pressure  in  the  cylinder.  The  weight  of  the  steam  being  equal  to  that  of 
the  water  that  generated  it,  the  weights  of  water  evaporated  will  then  be  to 
each  other  as  the  pressures  in  the  cylinder,  or,  in  other  words,  as  the  resistances 
on  the  piston.”  In  the  “  New  Theory  of  the  Steam  Engine ,”  the  author  has 
dwelt  at  great  length,  and  occupied  many  pages,  to  prove  this  indisputable,  and, 
so  far  as  I  know,  never  disputed  fact ;  viz.  that  the  steam,  in  every  engine, 
necessarily  assumes  in  the  cylinder,  the  pressure  due  to  the  resistance  it  has  to 
overcome ;  or,  to  use  his  own  phrase,  that  the  pressure  of  the  steam,  and  the 
resistance  “  equilibrate Now,  the  author  has  given  us  the  resistances  on  the 
piston,  which  amount  in  the  1st  case  to  38.43  lbs.,  and  in  the  2d,  to  23.93  lbs. 
per  square  inch  ;  and  yet  he  assumes  an  equal  expenditure  of  water  as  steam, 
in  equal  times,  in  the  two  cases,  and  applies  it  (Chap.  I.  pp.  43,  44,  New  Theory 
of  the  Steam  Engine )  to  demonstrate  the  truth  of  his  own  theory,  and  the  in¬ 
accuracy  of  other  theories.  To  be  consistent,  however,  with  his  own  rule, 
above  quoted,  viz.  that  “  the  weights  of  water  consumed  as  steam  are  to  each 
other  as  the  resistances  against  the  piston,”  it  is  obvious  that  if,  in  the  1st  case, 
3026  lbs.  of  steam  passed  through  the  cylinders  in  an  hour,  2166  lbs.  only  would 
have  been  expended  in  the  2d  case. 

The  expenditure  of  water  as  steam  would  have  been  equal,  in  equal  times. 
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or  alike  in  both  these  cases,  had  the  resistances  been  alike ;  but  it  is  evident  that 
the  formulae  applied  to  the  estimation  of  the  latter,  are  insufficient  for  the  solu¬ 
tion  of  the  problem,  for  if,  as  asserted,  “  the  pressure  in  the  boiler  were  precisely 
the  same,  and  the  regulator  open  to  the  same  degree,”  in  the  second,  as  in  the 
first  experiment,  equal  power  must  have  been  generated  and  expended  in  the 
same  time  ;  though,  at  the  higher  velocity,  the  lighter  load  was  moved  through 
a  greater  space  in  that  time. 

Had  M.  de  Pambour  reduced  his  data  to  the  terms  of  value  in  these  Tables, 
he  must  inevitably  have  discovered  the  numerous  errors  of  fact,  and  deduction, 
which  are  now  brought  to  light ;  had  he  worked  out  the  arithmetical  compu¬ 
tations  of  which  his  formulse  are  merely  symbolical,  and  compared  their  results 
with  the  performance  of  the  Albion  Mills  engine  alone  (which  he  has  analysed 
in  his  “  New  Theory"),  he  would  have  seen  reason  to  doubt  the  accuracy  of 
his  experiments. 

I  have  already  commented  upon  the  nice  and  numerous  precautions  requi¬ 
site  to  give  accuracy  to  the  method  of  finding  the  pressure  on  the  piston  from 
the  ratio  of  the  volume  of  steam  consumed  to  that  of  the  water  which  produced 
it.  I  am  disposed  to  believe  this  test  to  be  as  perfect  as  it  is  beautiful ;  I  en¬ 
tirely  agree  with  the  author  in  his  estimation  of  its  practical  value  ;  but  I  will 
now  adduce  a  most  remarkable  instance  of  its  coincidence  with  error  of  resist¬ 
ance,  as  well  as  an  instance  of  its  utility  in  detecting  error. 

By  referring  to  columns  29  and  30,  Experiment  XIII., — the  first  of  the  two 
cases  under  review — it  is  seen  that  the  pressures  on  the  piston  deduced  by  the 
method  of  the  volume,  and  from  the  sum  of  the  assigned  resistances  are  iden¬ 
tical  ;  yet  we  know  one  or  both  of  these  data  to  be  incorrect,  and  greatly  so, 
since  an  equal  power  is  exhibited  as  having  been  produced  by  ith  smaller 
consumption  of  steam  than  the  best  specimen  of  the  condensing  engine,  and  by 
only  one  half  the  necessary  e  penditure  of  the  fixed  non-condensing  engine. 
Had  we,  therefore,  no  other  means  of  ascertaining  the  accuracy  of  an  as¬ 
signed  expenditure  of  power  than  that  afforded  by  the  comparison  of  the 
volumes  of  steam  and  water,  the  volume  test  would,  in  this  case,  have  con¬ 
firmed  a  great  error  in  the  datum  of  resistance,  for  the  errors  of  water,  and  the 
errors  of  resistance  coincide. 

By  referring  to  the  same  columns,  Experiment  XIV.,  we  find  the  pressure 
per  volume  insufficient  to  balance  the  resistance,  and  that  the  whole  power, 
indicated  by  the  volume  test,  falls  short  of  the  required  amount,  by  nearly  6 
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horses  power.  Supposing  the  resistances  assigned  to  have  been  correct,  the 
ratio  of  the  volume  of  steam  to  that  of  the  water  consumed,  should,  in  this  case 
have  been  700,  instead  of  741  to  1,  and  .81  cubic  foot  of  water  must  have 
passed  through  the  cylinders  in  the  shape  of  steam,  per  minute,  instead  of  .77 
cubic  foot,  to  have  impressed  upon  the  pistons  a  force  of  23.93  lbs.  per  square  inch, 
which  is  the  pressure  deduced  from  the  resistance. — But,  we  have  already  seen 
that,  if  the  quantity  of  water  were  correctly  taken  in  the  1st  case  a  less  quantity 
must  have  been  consumed  in  the  2d,  as  the  load  upon  the  pistons  of  the  en¬ 
gines  in  the  two  experiments  deduced  from  their  velocity  and  assigned  resist¬ 
ances,  differed  in  the  ratio  of  38.43  to  23.93;  and  the  water  as  steam  con¬ 
sumed  in  equal  times  must  necessarily  have  varied  in  the  same  ratio,  or  as 
3026  lbs.  to  21 66  lbs.  The  pressure,  therefore,  deduced  from  the  corrected 
datum  of  2166  lbs.  for  the  2d  case,  after  deducting  ^oth  for  waste,  should  ac¬ 
curately  balance  the  resistance;  but  dividing  2063 lbs.  (the  sum  last  found)  by 
60  minutes,  the  duration  of  both  experiments,  0.55  cubic  foot  is  the  consumption 
of  water  per  minute,  and  1037  the  ratio  of  the  volumes  of  steam  and  water; 
whence,  from  the  author’s  Table,  the  pressure  per  square  inch  on  the  pistons 
would  be  24.81  — 14.71  =  10.10  lbs.  only;  whereas,  the  resistance  required 
23.93  lbs.  pressure  per  square  inch  to  balance  it. 

The  author  might  object  to  the  comparison  of  steam  consumed  by  the  ef¬ 
fective  power,  and  consider  the  proof  of  accuracy  to  be  more  justly  dependent 
on  the  relative  consumption  of  steam  by  the  absolute  power  of  each  engine. 

The  absolute  power  in  the  two  cases,  is  as  67.24  to  53.55  (column  33,)  and 
the  expenditure  of  water  as  steam  by  this  ratio  should  have  been  as  3026  to 
2409  lbs. ;  and  the  latter  corrected  for  waste,  would  give  935  to  1  as  the  rela¬ 
tive  volumes  of  steam  and  water  =  28.20  —  14.71  =  13.49  lbs.  per  square  inch 
on  the  pistons,  whilst  the  resistance  was  23.93  lbs.! 

It  would  be  fruitless  to  pursue  this  analysis  further,  and  vain  to  attempt  the 
rectification  of  errors — a  task  which  properly  belongs  to  the  author.  It  is 
manifest  that,  in  both  these  cases,  as  well  as  in  the  former  series,  resistances 
have  been  assigned  which  the  force  of  the  steam  employed  was  insufficient  to 
overcome ;  it  is  manifest  that  the  sum  of  the  resistances  at  the  different  velo¬ 
cities —  whether  arising  from  erroneous  estimations  of  the  friction  of  motion, 
friction  of  the  engine  loaded,  and  unloaded,  resistance  of  the  air,  or  pressure 
occasioned  by  the  blast — is  purely  hypothetical,  and  has  no  foundation  in  fact ; 
and,  it  is  manifest  that  the  evaporative  data  are  extremely  fallacious. 
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To  arrive  at  synthetical  results  was  the  chief  object  of  M.  de  Pambour’s 
analytical  labours  ;  for,  the  intrinsic  value  of  his  labours  depends  on  the  accord¬ 
ance  established  between  the  theoretical  and  practical  performance  of  the  loco¬ 
motive  engine  at  various  velocities,  and  with  various  loads :  it  is,  therefore,  not 
a  little  singular  that  this  ingenious  and  truth-seeking  experimenter  should  have 
omitted  to  bring  the  whole  series  of  his  experiments  into  juxta-position,  and 
have  compared  his  estimation  of  resistance  with  the  expenditure  of  steam,  as 
in  Tables  VIII.,  IX.,  X.  He  would  then  have  discovered  the  little  reliance  to 
be  placed  on  quantities  deduced  from  mere  theory,  and  have  perceived  the 
necessity  of  obtaining  evaporative  data  from  much  more  careful,  and  satis¬ 
factory  observations. 

KbPItephIZk.  The  particulars  of  Experiments  XI.  and  XII.  are  extracted 
from  a  separate  publication  of  Mr.  Robert  Stephenson’s  elaborate  article  on 
the  locomotive  engine,  contributed  by  him  to  Tredgold’s  work  on  the  Steam 
Engine,  second  edition*. 

*  “  The  power  of  a  locomotive  engine  cannot  readily  be  estimated  in  the  same  manner  as  that 
of  other  engines,  by  taking  the  actual  force  upon  the  piston,  and  the  velocity  of  its  motion ;  for 
it  is  very  difficult  to  ascertain  the  effective  pressure  of  the  steam  upon  the  piston,  in  consequence 
of  its  differing  often  very  considerably  from  that  of  the  steam  in  the  boiler,  and  because  of  the 
large  amount  of  the  resistance  of  the  waste  steam,  owing  to  the  great  velocity  with  which  the 
piston  moves.  The  power  is  also  different  at  different  velocities,  as  these  circumstances  vary 
with  the  velocity.  The  only  correct  means,  therefore,  of  ascertaining  the  power  of  a  locomotive, 
is  by  deducing  it  from  the  work  which  it  is  capable  of  performing. 

“  This  engine  has  drawn  a  load  up  an  inclined  plane  that  was  equivalent  to  220  tons  gross 
weight  upon  a  level,  (including  engine  and  tender,)  at  a  velocity  of  14  miles  an  hour;  which 
appeared  to  be  about  the  extent  of  the  power  of  the  engine  with  the  steam  at  the  usual  pressure 
of  50  lbs.  on  the  square  inch,  in  the  boiler.  The  force  required  to  perform  this,  is  about 
2,050  lbs.  moving  at  that  velocity;  which  is  equal  to  77  horse-power.  The  effective  pressure 
on  the  piston,  or  the  actual  force  with  which  it  was  propelled,  must  therefore  have  been  47  J  lbs. 
per  square  inch,  instead  of  50  lbs.,  which  was  the  pressure  of  the  steam  in  the  boiler  ;  the  differ¬ 
ence  being  the  power  that  was  lost  by  the  resistance  of  the  waste  steam,  and  by  the  diminution 
of  the  pressure  of  the  steam,  in  consequence  of  the  throttling  or  wire  drawing  that  takes  place 
in  passing  through  the  ports  of  the  cylinders,  and  which  was  in  this  instance  very  inconsiderable. 

“  The  horse-power  of  an  engine  is  less  when  drawing  a  lighter  load  at  a  greater  velocity,  as 
the  loss  of  power  from  the  throttling  and  the  waste  steam  is  then  increased  ;  and  it  would  cease 
altogether  at  a  certain  speed,  varying  according  to  the  proportions  of  the  engine,  when  the  velocity 
of  the  piston  became  as  great  as  that  with  which  the  steam  can  enter  into  the  cylinder,  or  the 
waste  steam  escape.  This  engine  has  drawn  40  tons  at  35  miles  an  hour,  which  is  equivalent 
to  40  horse-power  ;  in  which  case  the  effective  pressure  on  the  piston  must  have  been  only  10  lbs. 
on  the  square  inch,  or  but  one-fifth  of  that  of  the  steam  in  the  boiler.  This  shews  the  great  loss 
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The  author  has  adopted  M.  de  Pambour’s  original  datum  of  resistance,  viz. 
8  lbs.  per  ton,  for  calculating  the  power  of  this  engine  at  the  two  velocities  cited. 
The  fallacy  of  that  estimate  having  already  been  demonstrated,  it  is  unneces¬ 
sary  to  submit  these  results  to  the  same  minute  investigation,  as  in  the  pre¬ 
vious  instances ;  yet  a  few  remarks  are  requisite  to  point  out  some  remark¬ 
able  discrepances  between  the  power  represented  to  be  employed,  and  its 
estimated  effect,  in  the  two  experiments. 

It  cannot  be  said  that  Mr.  Stephenson  has  not  reduced  the  data  of  resistance 
and  velocity  to  terms  of  power,  for  he  has  discovered  and  stated  that  this  loco¬ 
motive,  “  when  working  with  a  full  load,  consumes  a  cubic  foot  of  water  as 
steam  per  hour  for  each  horse-power,”  which,  he  observes,  “  is  also  the  usual 

of  power  in  working  the  engine  so  quickly ;  the  loss  at  14  miles  an  hour  having  been  very  little. 
The  loss  of  power  is  lessened  by  making  the  wheels  larger,  the  velocity  of  the  piston  being  by  that 
means  diminished ;  and  they  are  consequently  made  as  large  as  is  practicable. 

“  The  power  of  a  locomotive  engine  is  limited  only  by  the  evaporating  power  of  the  boiler, 
or  the  number  of  cylinders  full  of  steam  that  can  be  supplied  in  a  given  time,  by  which  the  velo¬ 
city  of  the  piston  is  determined ;  while  in  other  steam  engines  the  size  of  the  cylinder  is  the 
limit  to  the  power,  as  a  sufficient  quantity  of  steam  to  supply  them  can  be  readily  obtained  by 
increasing  the  size  or  number  of  the  boilers,  which  cannot  be  done  in  a  locomotive.  This  engine 
is  capable  of  evaporating  77  cubic  feet  of  water  per  hour,  or  eight  gallons  in  a  minute  ;  and  the 
large  amount  of  this  power  causes  its  great  superiority  to  the  old  locomotives,  which  could  eva¬ 
porate  only  about  16  cubic  feet  per  hour. 

“  The  consumption  of  fuel  per  mile  for  every  ton  of  the  gross  load  is  about  a  quarter  of  a 
pound,  and  that  of  the  water  is  rather  less  than  a  quarter  of  a  gallon  ;  the  consumption  increasing  to 
nearly  one  half,  according  as  the  engine  is  less  fully  loaded,  being  proportionally  greater  with  a 
light  load ;  the  consumption  of  water  when  working  with  a  full  load,  is  a  cubic  foot  per  hour  for 
each  horse-power,  which  is  also  the  usual  proportion  in  stationary  engines  although  they  con¬ 
dense  the  steam.  About  8  lbs.  of  fuel  is  required  to  evaporate  a  cubic  foot  of  water,  being 
nearly  the  same  as  in  stationary  engines;  but  in  the  old  locomotives  as  much  as  18  lbs.  was  re¬ 
quired,  in  consequence  of  their  having  so  small  a  heating  surface,  which  was  only  about  two  and 
a  half  square  feet  for  each  foot  of  water  evaporated  per  hour  ;  the  proportion  in  the  present  one 
being  five  and  a  half  square  feet,  and  in  stationary  engines  as  much  as  eight. 

“  The  great  perfection  of  the  present  locomotives,  and  their  superiority  to  the  old  ones,  is 
caused  not  so  much  by  the  application  of  new  inventions  to  them,  as  by  the  combination  of  many 
former  ones,  and  the  uniting  together  several  plans  which,  separately,  would  be  but  of  small 
value.  Their  great  power  and  velocity,  for  example,  could  not  have  been  obtained  without  the 
rapid  means  of  generating  steam  afforded  by  the  use  of  the  tubes ;  and  the  tubes  would  have 
been  useless,  without  the  powerful  draught  produced  by  the  blast,  which  increases  in  intensity 
with  the  velocity,  and  with  the  necessity  for  its  increased  action.” — ( Description  of  the  Patent 
Locomotive  Steam  Engine,  by  Messrs.  Robert  Stephenson  and  Co.,  pages  66  and  67.) 
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proportion  in  stationary  engines,  although  they  condense  their  steam.”  He  has 
also,  advanced  another  still  more  extraordinary  proposition,  viz.  that,  with  a 
lighter  load,  the  same  engine  consumes  nearly  half  as  much  more  water  as  steam 
to  produce  an  equal  mechanical  effect,  as  when  fully  loaded.  These  are  para¬ 
doxes  naturally  resulting  from  the  adoption  of  M.  de  Pambour’s  too  high  esti¬ 
mate  of  tractive  force,  and  from  considering  the  tractive  force,  per  ton  of  matter 
moved,  to  be  a  constant  quantity  at  all  velocities.  It  is  certainly  singular  that, 
with  so  clear  a  perception  of  the  conclusions  necessarily  flowing  from  these  data, 
and  exhibited  by  his  own  computations,  Mr.  Stephenson  should  not  have  hesitated 
in  adopting  them ;  for,  even  if  the  locomotive  were  a  condensing  engine,  it 
is  evident  that  its  effective  power  must  undergo  diminution  by  the  amount 
requisite  to  move  itself  and  its  tender,  a  force  which,  even  at  the  lowest 
velocity,  is  far  from  being  inconsiderable.  It  is  equally  evident  that  a  stationary 
non-condensing  engine  consumes  more  steam,  for  equal  effect,  than  a  stationary 
condensing  engine  ;  and  that  the  locomotive,  compared  with  the  former,  has 
not  only  to  expend  steam  to  move  itself,  and  its  tender,  but,  also,  to  overcome 
the  resistance  caused  by  the  blast. 

The  author  has  given  an  excellent  commentary  on  this  obvious  fact,  for  he 
states,  in  the  third  paragraph  quoted,  that  “  the  horse-power  of  the  engine 
would  cease  altogether  at  a  certain  speed.”  The  meaning  of  that  sentence  is 
not  very  obvious,  but  I  imagine  it  to  be  the  author’s  intention  to  convey  to 
his  readers,  that  there  is  a  velocity  at  which  the  whole  power  of  the  steam 
would  be  absorbed  in  moving  the  .  locomotive  itself,  and  its  tender ;  conse¬ 
quently,  that  the  engine  could  drag  no  load  at  that  velocity,  with  the  iden¬ 
tical  quantity  and  pressure  of  steam  then  applied.  There  is,  doubtless,  a 
velocity  at  which  the  useful  power  of  the  engine,  commercially  speaking,  ceases; 
nevertheless,  the  effective  power  of  the  steam  is  the  same  at  all  velocities  of  the 
engine,  under  all  loads,  for  an  equal  consumption  of  water  as  steam  ;  and,  it 
will  hereafter  be  shewn  that  an  equal  mechanical  effect  results,  at  all  velocities, 
from  an  equal  expenditure  of  power  in  the  locomotive,  as  in  all  other  engines. 

In  the  fourth  paragraph  the  author  observes  that  “  the  power  of  a  locomo¬ 
tive  engine  is  limited  only  by  the  evaporative  power  of  the  boiler,”  &c.  This 
definition  is  clearly  imperfect,  for  no  power  of  steam  could  impart  progressive 
motion  to  the  engine,  if  loaded  beyond  the  force  of  its  adhesion  to  the  rails ; 
that  force  is,  therefore,  the  dynamic  limit ;  the  supply  of  steam  is  a  mere  prac¬ 
tical  condition  of  the  boiler. 
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These  two  experiments  supply  additional  means  for  disproving  the  accuracy 
of  M.  de  Pambours  data;  they  likewise  furnish  powerful  incentives  to  ex¬ 
perimenters  to  be  vigilant  in  obtaining  precise  observations  of  evaporative  facts, 
for  they  contain  within  themselves,  abundant  proofs  of  error  in  the  quantities 
assigned  to  the  consumption  of  water  as  steam. 

Experiment  XI.  The  sum  of  the  resistances  distributed  over  the  pistons 
(column  29)  is  47.54  lbs.  per  square  inch,  being  the  same  as  calculated  by  Mr. 
Stephenson  from  M.  de  Pambour’s  data  ;  the  pressure  in  the  boiler  is  stated  at 
50 lbs.,  “the  difference  (or  2 -gibs.)  being,”  according  to  the  author,  “the  power 
that  was  lost  by  the  resistance  of  the  waste  steam,  &c.,  &c. — which  was  in  this 
case  very  inconsiderable.”  This  method  of  finding  the  blast  pressure  does  not 
suffice,  for  the  pressure  in  the  boiler  is  totally  irrespective  of  the  force  on  the 
pistons ;  the  resistance  caused  by  the  blast  is  the  difference  between  the  abso¬ 
lute  pressure  of  the  steam  in  the  cylinders,  and  that  required  to  balance  the 
sum  of  the  ascertained  resistances.  The  blast  resistance  is  the  unascertained 
portion  of  the  total  resistance  opposed  to  the  steam,  and  is  discoverable  when 
the  absolute  force  exerted  by  the  steam  on  the  pistons  is  known.  Now,  if  the 
evaporative  data  are  correct,  it  would  appear  by  the  ratio  which  the  volume 
of  steam  consumed  bears  to  that  of  the  water  which  produced  it  (J0-th  being  de¬ 
ducted  for  waste)  that  the  absolute  pressure  upon  the  pistons  in  this  case 
amounted  to  81.95  lbs.  per  square  inch;  but  there  was  only  50  lbs.  in  the 
boiler  !  If,  therefore,  77  cubic  feet  of  water  passed  through  the  cylinders  in  an 
hour,  in  the  shape  oi  pure  steam,  the  blast  pressure,  or  counter  effort  above  the 
atmosphere,  was  34.41  lbs.,  instead  of  2-|lbs.,  per  square  inch  on  the  pistons. 

The  author  has  given  no  instructions  for  diminishing  the  consumption  of 
water  as  steam,  for  any  issue  through  the  safety  valve,  priming,  or  other  waste; 
and  if  none  of  the  steam  were  wasted,  it  must  have  exerted  the  above  force  on 
the  pistons  ;  but,  perceiving  an  error,  I  applied  M.  de  Pambour’s  correction  of 
ith  in  computing  the  pressure  per  volume,  (column  28,)  and  even  with  this 
allowance,  it  is  seen  that  the  absolute  pressure  amounted  to  more  than  5l  lbs. 
above  that  in  the  boiler,  which  is  also  impossible,  if  the  boiler  pressure  be  cor¬ 
rectly  stated.  In  order  to  make  the  pressure  on  the  pistons  coincide  with  that  in  the 
boiler,  (to  which,  however,  strictly  speaking,  it  can  never  attain,  in  a  locomo¬ 
tive,)  fths  of  the  whole  water  said  to  be  evaporated  must  be  subtracted  for 
loss,  and  the  horse-power  would  then  be  performed,  according  to  the  datum  of 
resistance,  by  44.8  lbs.  instead  of  by  a  cubic  foot,  per  hour  ;  and,  then,  there 
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is  nothing  left  for  blast  pressure,  with  a  presumed  force  of  47jlbs.  per  square 
inch  in  the  cylinder. 

Mr.  Stephenson  assumes,  with  M.  de  Pambour,  that  the  resistance  from  the 
blast  increases  as  the  pressure  on  the  piston  diminishes.  The  probability  of 
the  correctness  of  this  assumption  will  be  hereafter  examined.  The  volume 
test  shews  either  that  77  cubic  feet  of  water  did  not  pass  through  the  cylinders 
as  steam  ;  or  that,  if  such  were  the  case,  a  pressure  of  above  80  lbs.  must  have 
existed  in  the  boiler ;  and,  if  so,  the  blast  resistance  must  have  exceeded  34  lbs. 
per  square  inch.  The  truth  probably  is  that  the  boiler  primed  to  a  great  and 
unobserved  extent,  and  thus  vitiated  the  experiment,  both  as  regards  evapora¬ 
tion,  and  the  expenditure  of  power. 

Experiment  XII.  In  this  case  I  have  assumed  an  equal  evaporation  in  the 
same  time,  as  in  the  foregoing  experiment ;  and  if  f  ths  were  deducted  for 
waste,  the  blast  pressure  would  be  less  than  nothing — or  a  vacuum  ;  for,  with 
the  subtraction  of  £th  for  waste,  as  in  the  Table,  the  absolute  pressure  amounts 
only  to  11.10 lbs.,  whilst  the  resistance  required  10  lbs.  per  square  inch:  and 
if,  contrary  to  demonstration,  it  be  considered  possible  that  the  77  cubic  feet  of 
water  were  converted  into  pure  steam,  and  that  this  quantity  passed  through  the 
cylinders  in  the  hour,  the  blast  pressure  would  equal  the  whole  force  required 
to  balance  the  assigned  resistance ;  for  the  absolute  pressure  on  the  pistons 
would  have  amounted  to  20.70  lbs.  per  square  inch,  whilst  the  sum  of  the 
ascertained  resistances  was  only  10  lbs. 

Making  an  equal  deduction  of  one  fourth  for  waste  of  water,  in  the  two 
cases,  and  -^th  for  ineffective  steam  in  the  passages,  the  blast  pressure  would 
have  been  (as  set  down  in  column  30)  8.15  lbs.  in  Experiment  XI.,  and  1.10  lbs. 
in  Experiment  XII.,  thus  exhibiting,  with  an  assumed  equal  consumption  of 
water  as  steam,  in  equal  times,  the  very  reverse  of  the  doctrine  that  the  blast 
pressure  is  in  the  inverse  ratio  of  the  absolute  pressure  on  the  piston — or,  in 
M.  de  Pambour’s  words,  that  it  increases  with  the  velocity  of  the  piston.  The 
data  of  resistance  and  evaporation  are,  however,  proved  to  be  so  erroneous, 
that  these  experiments  present  no  facts  on  which  to  ground  either  a  measure  of 
the  force  of  steam  actually  expended,  or  a  measure  of  the  tractive  effort  actually 
exerted ;  consequently,  no  truthful  approximation  can  be  derived  from  them  as 
to  the  value  of  blast  pressure. 

It  is  proper  to  notice  that  in  Experiment  XII.,  I  have  assumed  the  same 
consumption  of  water  as  in  the  first  case,  being  unable  to  reconcile  the  author’s 
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statement  of  evaporation  with  his  deductions  as  to  the  quantity  of  water  con¬ 
sumed  per  ton  of  gross  load  per  mile.  In  the  fifth  paragraph  quoted,  he  applies 
a  cubic  foot  per  hour  per  horse-power  to  the  first  experiment,  and  that  power, 
from  his  data  of  resistance,  being  77  horses,  there  is  an  accordance  with  the 
assigned  evaporation  of  77  cubic  feet  per  hour.  But,  in  the  same  sentence,  he 
says  that  the  consumption  of  water  per  ton  per  mile  is  something  less  than  a 
quarter  of  a  gallon,  which  on  the  load  of  220  tons  for  14  miles  amounts  to 
nearly  7,700  lbs.  instead  of  77  cubic  feet  or  4,812  lbs.  as  before  stated;  and 
220  tons  was  very  nearly  the  maximum  load  of  that  engine.  In  the  second  case 
the  expenditure  of  water  at  nearly  half  a  gallon  per  ton  per  mile,  would  amount 
to  nearly  7>000lbs.  I  have  assumed  4,812  lbs.,  and  shewn  that  consumption 
to  have  greatly  exceeded  possibility. 

ENicHoSsswooDIr'  Mr.  Wood’s  series  of  experiments  with  seven  engines  on  the 
Great  Western,  and  two  engines  on  the  London  and  Birmingham  Railway, 
will  be  found  of  great  use  in  illustrating  another  section  of  this  subject ;  but 
though  they  embrace  the  question  of  expenditure  of  power,  Mr.  Wood  has 
thrown  no  new  light  on  the  resistance  opposed  to  progressive  motion.  He  has, 
indeed,  in  his  “  Report  to  the  Directors  of  the  Great  Western  Railway,”  adopted 
Dr.  Lardner’s  conclusions  relative  to  the  amount  of  resistance  arising  from  fric¬ 
tion,  as  well  as  from  the  atmosphere  ;  but  as  Dr.  Lardner  has  made  additional 
experiments  on  these  values,  and  has  since  furnished  the  means  of  testing  their 
accuracy  by  a  practical  experiment  on  the  Grand  Junction  Railway,  it  is  need¬ 
less  to  reduce  Mr.  Wood’s  to  the  terms  of  the  Tables  ;  I  shall,  therefore,  pass 
to  the  consideration  of  the  latter. 

Experiments  by  Dr-  The  1 5  experiments  recorded  in  the  following  Table  were  com¬ 
municated  by  Dr.  Lardner  to  the  British  Association  for  the  Advancement  of 
Science  in  August  last.  Their  purport  was  to  determine  the  resistance  opposed 
to  progressive  motion  on  railways.  The  experiments  consisted  in  dismissing 
trains  at  various  speeds  from  the  summit  of  inclined  planes,  and  in  observing 
their  velocity  when  it  became  uniform  ;  the  resistance,  at  such  velocity,  being 
inferred  to  be  equal  to  the  force  representing  the  gravity  of  the  mass  along  the 
plane.  Table  XI.  contains  the  particulars  of  the  experiments  together  with  the 
sum  of  resistance,  or  tractive  force,  computed  from  the  author’s  data,  and  placed  * 
in  the  last  six  columns.  The  resistance  is  likewise  separated  into  two  amounts, 
the  one  supposed  to  balance  atmospheric  opposition,  the  other  supposed  to  be 
the  value  of  the  friction  of  the  axles,  and  the  friction  between  the  wheels  of  the 
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carriages  and  rails.  These  component  portions  of  the  total  resistance  are  also 
reduced,  in  each  experiment,  to  their  proportionate  values  per  ton  of  matter 
moved.  I  have  been  obliged  to  assume  an  amount  for  friction  as  the  author  fixed 
no  positive  quantity  for  it,  but  he  considers  it  to  be  nearly  a  constant  at  all  veloci¬ 
ties,  and  though  6  lbs.  per  ton  may  be  somewhat  higher  than  his  standard,  as 
collected  from  his  remarks  at  Birmingham,  and  his  Report  to  the  British  Asso¬ 
ciation,  in  Vol.  VII.,  the  subsequent  investigation  will  shew  that  the  separation 
of  the  sum  of  the  resistance  into  quantities  attributable  to  this  or  that  source, 
is  of  no  moment  as  regards  the  objects  of  this  Paper. 


Table  XI. 
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*  These  two  experiments  were  made  on  the  same  day,  and  the  second  as  quickly  after  the 
first  as  the  train  could  be  returned  to  the  summit. 

"f"  In  this  experiment  the  train  had  not  quite  acquired  an  uniform  velocity. 


These  and  other  ingeniously  devised  experiments,  made  wdth  the  intent  to 
discover  the  peculiar  manner  in  which  the  air  operates  as  a  retarding  force  to 
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railway  trains— but  which  do  not  affect  the  present  analysis— led  the  author 
to  adopt  the  conclusions  given  in  the  subjoined  note  #. 

The  fifth  conclusion  is  one  which  I  think  the  foregoing  examination  of  M.  de 
Pambour  s  experiments  has  already  negatived,  and  we  shall  presentlv  see  addi¬ 
tional  reasons  for  doubting  the  authenticity  of  data  which  rate  the  resistance  at 
a  still  higher  sum. 

The  hist  part  of  the  eleventh  conclusion  being  founded  on  the  accuracy  of 
the  fifth,  the  important '  inference  thence  deduced,  must  also  be  considered  as 
negatived,  if  it  be  established  that  the  resistance  is  less  rather  than  greater  than 
has  hitherto  been  supposed. 

<£  1'  tlie  resistance  to  a  railway  train,  other  things  being  the  same,  depends  on  the 

speed. 

“  2.  That  at  the  same  speed  the  resistance  will  be  in  the  ratio  of  the  load,  if  the  carriages 
remain  unaltered. 

“  3.  That  if  the  number  of  carriages  be  increased,  the  resistance  is  increased,  but  not  in  so 
great  a  ratio  as  the  load. 

“  4.  That,  therefore,  the  resistance  does  not,  as  has  been  hitherto  supposed,  bear  an  inva- 
liable  ratio  to  the  load,  and  ought  not  to  be  expressed  at  so  much  per  ton. 

“  5.  That  the  amount  of  the  resistance  of  ordinary  loads  carried  on  railways,  at  the  ordinary 
speeds,  more  especially  of  passenger  trains,  is  very  much  greater  than  engineers  have  hitherto 
supposed. 

6.  That  a  considerable,  but  not  yet  ascertained  proportion  of  this  resistance  is  due  to  the  air. 

“7.  That  the  shape  of  the  front  or  hind  part  of  the  train  has  no  observable  effect  on  the 
resistance. 

“  8.  That  the  spaces  between  the  carriages  of  the  train  have  no  observable  effect  on  the 
resistance. 

9.  That  the  train,  with  the  same  width  of  front,  suffers  increased  resistance  with  the  in¬ 
creased  bulk  or  volume  of  the  coaches. 

“  10.  That  mathematical  formulae  deduced  from  the  supposition  that  the  resistance  of  railway 
trains  consists  of  two  parts,  one  proportional  to  the  load  but  independent  of  the  speed,  and  the 
other  proportional  to  the  square  of  the  speed,  have  been  applied  to  a  limited  number  of  experi¬ 
ments,  and  have  given  results  in  very  near  accordance  ;  but  that  the  experiments  must  be  fur¬ 
ther  multiplied  and  varied  before  a  safe,  exact,  and  general  conclusion  can  be  drawn. 

“11.  That  the  amount  of  resistance  being  so  much  greater  than  has  been  hitherto  supposed, 
and  the  resistance  produced  by  curves  of  a  mile  radius  being  inappreciable,  railways  laid  down 
with  gradients  of  about  1 6  feet  a  mile  have  practically  but  little  disadvantage  compared  with  a  dead 
le\  el ;  and  that  curves  may  be  safely  made  with  radii  less  than  a  mile  ;  but  that  further  experi¬ 
ments  must  be  made  to  determine  a  safe  minor  limit  for  the  radii  of  such  curves,  this  principle 
being  understood  to  be  limited  to  its  application  to  railways  intended  chiefly  for  rapid  passenger 

traffic.”  {Communicated  b,j  Dr.  Lardner  at  the  Meeting  of  the  British  Association  for  the  Advance - 
ment  of  Science,  1839.) 
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It  appears  from  the  tenth  conclusion  that  the  author  considers  his  experi¬ 
ments,  so  far  as  they  have  gone,  as  giving  results  in  very  near  accordance,  and 
demonstrative  that  the  resistance  opposed  by  the  air,  increases  as  the  square  of 
the  velocity c  With  the  view  of  placing  before  the  eye  the  degree  of  this 
accordance  I  have  composed  Table  XII.,  which  exhibits  all  the  results 
fairly  deducible  from  these  experiments,  excluding  any  comparisons  between 
those  made  with  a  favourable,  and  others  with  an  adverse,  or  side  wind ;  com¬ 
paring,  in  fact,  those  only  which  were  affected  by  like  circumstances  as  to 
weather.  Nor  have  I  compared  the  results  arising  out  of  the  data  applied  to 
the  experiments  with  different  numbers  of  coaches,  as,  by  the  ninth  conclusion, 
the  bulk  or  volume  of  the  mass  in  motion  would  appear  to  affect  them.  I 
must  also  remark  that  a  different  amount  assumed  for  friction  would  alter  the 
ratios  of  the  resistance  assigned  to  the  air  only,  which  would  be  increased  or 
decreased  as  a  higher,  or  lower  rate  for  that  amount  were  used.  According  to 
the  manner  of  estimating  the  friction  of  coaches,  5  lbs.  per  ton  would  be  as¬ 
signed  for  some,  and  even  8  lbs.  for  others.  It  will  be  observed  that  in  each 
set  of  comparisons  the  lowest  speed  is  unity ;  and  I  have  given  the  ratios  of 
the  direct,  as  well  as  of  the  squares  of  the  velocities,  that  the  eye  may  leadily 
compare  the  results  with  them.  The  results  are  set  down  in  the  four  last  co¬ 
lumns  in  the  order  of  the  ratios  of  the  velocities,  for  the  more  ready  apprecia¬ 
tion  of  the  degree  of  accordance  which  obtains  among  them. 

It  cannot  fail  to  be  remarked  that  the  term  discordance  would  seem  to  be 
much  more  appropriate  than  accordance  to  the  indications  of  the  last  column  of 
the  Table,  when  referred  to  the  ratios  of  the  squares  of  the  compared  velocities 
in  the  last  column  but  two.  Nor  does  the  mean  of  all  these  experiments  appear 
to  justify  the  conclusion  that  resistance  to  railway  trains  from  the  air  is  propor¬ 
tional  to  the  square  of  the  speed,  for  the  mean  of  the  19  comparisons  gives  a 
much  higher  ratio  for  that  resistance,  viz.  2.92,  the  mean  square  of  the  veloci¬ 
ties  being  as  1.99  to  1 ;  but  no  fair  average  can  be  struck  from  such  irregular 
results.  The  latter  part  of  the  author’s  sixth  conclusion  seems,  therefore,  to  be 
more  strictly  consonant  with  them  than  the  former  part  of  the  tenth. 
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Table  XII. 


Vide  Table  XI. 

Ratio  of  the 

velocities. 

Ratio  of  the 
squares  of  the 
velocities. 

Ratio  of  the 
total  resist¬ 
ance  per  ton. 

Ratio  of  the 
resistance 
per  ton  from 
the  air  only. 

Ratio  of  the 

velocities. 

Ratio  of  the 
squares  of  the 
velocities. 

Ratio  of  the 
total  resist¬ 
ance  per  ton. 

Ratio  of  the 
resistance 
per  ton  from 
the  air  only. 

Comparison] 

of  1 1  with  2 

1  to  1.08 

1  to  1.16 

1  to  1.00 

1  to  1.00 

1  to  1.07 

1  to  1.16 

1  to  1.00 

1  to  1.00 

Experimts.  J  ^  ^ 

1.46 

2.15 

1.84 

2.60 

1.08 

1.16 

1.00 

1.00 

1  ...  4 

1.36 

1.85 

1.84 

2.60 

1.08 

1.17 

1.03 

1.05 

1  ...  5 

1.22 

1.50 

1.07 

1.10 

1.08 

1.17 

1.07 

1.10 

1  ...  6 

1.63 

2.66 

2.76 

7.07 

1.11 

1.23 

1.49 

2.71 

2  ...  3 

1.58 

2.51 

1.84 

2.60 

1.13 

1.28 

1.08 

1.10 

2  ...  4 

1.47 

2.16 

1.84 

2.60 

1.16 

1.35 

1.07 

1.10 

2  ...  5 

1.13 

1.28 

1.08 

1.10 

1.19 

1.44 

1.49 

2.71 

2  ...  6 

1.76 

3.10 

2.76 

7.07 

1.22 

1.50 

1.07 

1.10 

3  ...  4 

1.07 

1.16 

1.00 

1.00 

1.36 

1.85 

1.84 

2.60 

3  ...  5 

1.80 

3.24 

1.99 

2.88 

1.39 

1.94 

2.46 

4.56 

3  ...  6 

1.11 

1.23 

1.49 

2.71 

1.46 

2.15 

1.84 

2.60 

4  ...  5 

1.67 

2.79 

1.99 

2.88 

1.47 

2.16 

1.84 

2.60 

4  ...  6 

1.19 

1.44 

1.49 

2.71 

1.58 

2.51 

1.84 

2.60 

5  ...  6 

2.00 

4.00 

2.97 

7.82 

1.63 

2.66 

2.76 

7.07 

7  ...  10 

1.16 

1.35 

1.07 

1.10 

1.67 

2.79 

1.99 

2.88 

^  „  8  ...  9 

1.08 

1.17 

1.07 

1.10 

1.76 

3.10 

2.76 

7.07 

Mean  oft 

,110  ...11 

1.08 

1.17 

1.03 

1.05 

1.80 

3.24 

1.99 

2.8  8 

12  ...13 

1.39 

1.94 

2.46 

4.56 

2.00 

4.00 

2.97 

7.82 

Dr.  Lardner  developed,  also,  the  following  particulars  of  a  very  valuable 
experiment  with  an  engine  and  train,  from  Liverpool  to  Birmingham,  and  back, 
conducted  with  much  skill  and  precaution  to  obtain  accuracy  in  the  observa¬ 
tion  of  velocity,  and  evaporation,  by  Mr.  Edward  Woods,  engineer  to  the 
Liverpool  and  Manchester  railway. 


Experiment  with  the  Hecla  locomotive  from  Liverpool  to  Birmingham,  and  from 
Birmingham  to  Liverpool  on  the  same  day. 

Tons. 


Weight  of  engine .  12 

- tender .  10 

- 12  coaches  loaded  with  iron  60 

Gross  load .  82 


Particulars  of  Engine. 

Inches. 

Cylinders .  12|  diameter. 

Length  of  stroke  18 
Wheels,  5  feet  diameter. 


Useful  load. 


60 
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Consumption  of  coke  and  water. 


L.  to  B. 

B.  to  L. 

Total,  coke . 

3654 

3406 

Coke  per  mile . 

38.4 

35.8 

Water  evaporated . 

337 

300 

3.55 

3.16 

Coke  per  cub.  foot  of  water  . 

10.84 

11.35 

Force  of  water . 

. lbs. 

2510 

2234 

Total  distance  traversed  190  miles. 


Mean. 

3530 

37.1 

318.5 

3.35 

11.09 

2372 


ho.  min.  sec. 

Time. —  1st  trip,  including  stoppages .  4  28  58 

2d  Ditto,  ditto  .  4  3  30 


Deduct  for  stoppages . . 

8  32  28 

6  26  48 

Supposing  the  190  miles  to  be  a  dead  level . 

Mean  velocity  during  the  trips  . 

Difference  for  gradients  . 

miles  per  hour. 

Mean  velocity  on  a  level  . . 

To  reduce  this  experiment  to  the  terms  of  the  Tables  on  the  author’s  data,  it  is 
necessary  to  assign  a  resistance  overcome,  and  for  that  purpose  to  ascertain  an 
inclination  of  plane,  or  “  angle  of  repose,”  as  he  terms  it,  which  would  give  an 
uniform  velocity  of  30.93  miles  per  hour  to  the  mass.  To  this  end,  I  have 
used  the  mean  of  experiments  8  and  10,  and  11  in  Table  XI.,  which  alone  can  be 
called  unobjectionable.  The  last  was  made  in  a  calm ;  the  two  first  were  per¬ 
formed  as  quickly  as  possible  in  succession  on  the  same  day,  with  the  same 
coaches,  the  same  wind  being  favourable  to  the  one,  and  adverse  to  the  other, 
so  that  their  resulting  mean  gives  a  declivity,  and  a  velocity  equivalent  to  the 
production  of  a  like  effect  in  a  calm,  which  is  for  the  incline  -gi.y,  and  for  the 
speed  32.65  miles  per  hour.  The  mean  of  this  last  and  of  experiment  11,  is 
for  the  incline  to.Vj*  and  for  the  velocity  34.02  miles  per  hour,  which,  by  in¬ 
verse  proportion,  gives  the  inclination  of  Too  for  the  “  angle  of  repose ”  at  a 
velocity  of  30.93  miles  per  hour.  Thus,  the  resistance  or  tractive  force  for  the 
gross  load  of  82  tons  is  found,  by  the  author’s  data,  to  be  1836.80  lbs.  for  the 
mass,  or  22.40  lbs.  for  the  ton.  On  comparing  the  resistance  thus  obtained, 
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with  that  assigned  to  nearly  similar  velocities  in  Table  XI.,  the  correspondence 
will  be  found  very  near ;  but  it  is  below  rather  than  above  the  value  resulting 
from  the  author’s  method  of  deducing  the  resistance,  for,  according  to  his  ninth 
conclusion,  the  bulk  or  volume  of  the  mass  augments  the  resistance,  and  the 
mass  drawn  by  the  Hecla  is  greater  than  that  used  in  the  three  cited  experi¬ 
ments  with  six  coaches,  in  the  ratio  of  14  to  6. 

The  actual  mean  velocity  over  the  ground  in  the  two  trips  was  26.95  miles 
per  hour,  for  which  speed  I  have  computed  the  “  angle  of  repose,”  by  the  same 
process,  to  be  rf*,  the  total  resistance  1611.22  lbs.  and  19.64  lbs.  per  ton. 

For  the  purpose  of  separating  the  relative  quantities  of  air  resistance,  and 
friction,  I  applied  to  Mr.  Edward  Woods,  who  performed  the  experiment,  whose 
data  for  friction  were  used  by  Dr.  Lardner,  and  who  alone  could  inform  me, 
from  his  practical  knowledge,  of  its  probable  amount  for  the  particular  coaches 
used  in  this  experiment.  Mr.  Woods  states  it  as  about  8  lbs.  per  ton  for  those 
12  coaches,  and  I  have  assumed  the  same  friction  for  the  locomotive  and  tender; 
so  that,  for  the  velocity  of  30.93  miles  per  hour  the  resistance  of  the  air  would 
be  14.40  lbs.,  and  for  26.95  miles  per  hour,  11.64  lbs.  per  ton.  The  coaches 
were  loaded  with  iron  weights,  and  the  two  trips  were  performed  on  the  same 
day,  the  one  immediately  succeeding  the  other. 

Mr.  Woods’s  minute  and  exact  observations,  during  these  two  trips,  will  ap¬ 
pear  from  his  replies  to  my  queries  relative  to  the  diminution  of  water  con¬ 
sumed  as  steam  requisite  to  be  made  for  waste  from  delays  on  the  road ; 
an  approximation  to  which  necessary  correction  I  could  not  have  arrived  at 
without  being  informed  of  the  number,  and  duration  of  the  delays.  These  are 
stated  by  him  as  follows  : 
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Statement  of  the  time  occupied  in  the  trips  to  and  from  Birmingham  and  Liverpool,  with  the 


Hecla. 

ho.  min.  sec. 

1st  Trip. — Liverpool  to  Birmingham,  stoppages  included . .  4  28  58 

Time  lost  on  the  road. 

min.  sec. 

1.  Getting  up  speed  at  Liverpool .  2  21 

2.  Slackened  over  Parr  Moss .  3  17 

3.  Stoppage  at  Warrington  .  34  48 

4.  Ditto  Hartford  .  5  34 

5.  Ditto  Crewe  .  7  12 

6.  Slackened  at  Whitmore .  1  34 

7.  Stoppage  at  Stafford  . * .  8  29 

8.  Ditto  Wolverhampton .  6  0 

9.  Slackened  at  Birmingham  . .  0  24 

-  1  9  39 


Time  which  would  have  been  occupied  if  the  train  had 

started  from  Birmingham  at  full  speed,  and  travelled - 

from  thence  to  Birmingham  without  stopping  .  3  19  19 


2d  Trip. — Birmingham  to  Liverpool,  stoppages  included-, 


ho.  min.  sec. 

4  3  30 


Time  lost  on  the  road. 


min.  sec. 

1 .  Getting  up  speed  at  Birmingham .  2  18 

2.  Stoppage  at  Wolverhampton .  5  11 

3.  Ditto  Stafford .  5  52 

4.  Ditto  Whitmore .  5  39 

5.  Ditto  Crewe .  6  35 

6.  Ditto  Warrington .  26  16 


7.  Delay  from  overtaking  train  on  the  Liverpool  and 

Manchester  line  . . . .  4  10 

• -  0  56  1 

Time  which  would  have  been  occupied  if  the  train  had 

started  from  Birmingham  at  full  speed,  and  travelled  - - 

from  thence  to  Liverpool  without  stopping . . .  3  7  29 


Dead  Stoppages. 


First  Trip. 

min.  sec. 


Warrington .  . .  32  34 

Hartford . .  3  33 

Crewe .  5  30 

Stafford .  6  35 

Wolverhampton, .  4  12 


52  24 


Second  Trip. 


min.  sec. 

Wolverhampton .  3  13 

Stafford .  2  25 

Whitmore  .  2  47 

Crewe .  3  25 

Warrington .  .  24  15 

36  5 
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Deducting  the  dead  stoppages,  amounting  to  88j  minutes,  from  the  whole 
time,  the  actual  period  occupied  in  travelling  was  7  hours,  3  minutes,  59  se¬ 
conds.  The  total  evaporation  was  39812 lbs.  effected  in  512^  minutes;  the 
proportion  for  the  actual  time  of  the  trip,  or  424  minutes,  32937  lbs. ;  difference 
6875  lbs.  The  dead  stoppages  are  divisible  into  two  portions,  viz.  9  very  short 
ones  comprising  31  minutes,  40  seconds  ;  and  2  long  ones  equal  to  56  minutes, 
49  seconds.  For  the  short  stoppages  I  have  deducted  the  full  proportion,  or 
2465  lbs.,  as  the  steam  would  blow  on  the  instant  of  stopping,  perhaps  even 
whilst  the  engine  was  coming  to  rest  at  the  several  stations,  the  regulator  being 
closed  some  instants  before  arriving  at  them. 

The  two  long  stoppages  at  Warrington  averaged  each  28  minutes,  24-J  se¬ 
conds,  but  though,  at  the  moment  of  stopping,  the  fire  would  be  of  the  same 
intensity  as  during  motion,  it  would  be  greatly  diminished  in  force  at  the  mo¬ 
ment  of  starting  again ;  for  those  two  delays,  therefore,  a  different  correction  is 
required  as  regards  waste  of  steam.  This  I  have  endeavoured  to  supply. 

Mr.  Woods  has  informed  me  that  the  usual  consumption  of  coke  by  engines 
waiting  to  start  at  the  termini  is  about  100  lbs.  per  hour.  This  is  an  useful 
fact,  as  it  determines,  approximately,  the  difference  in  the  rates  of  combustion 
and  evaporation  by  locomotive  boilers  with  the  simple  draught  of  the  chimney, 
and  with  the  acceleration  given  to  it  by  the  blast.  Their  difference  on  the 
Hecla,  at  the  velocity  of  the  journey,  is  about  8  to  1.  If  the  evaporation  for 
the  whole  delay  at  Warrington  were  reckoned  as  proportional  to  the  time,  with 
an  active  blast,  it  would  amount  to  4416  lbs. ;  and  if  computed  according  to  the 
evaporative  power  of  the  boiler,  without  the  blast,  it  would  be  only  552  lbs. 
Neither  of  these  can  be  assumed  as  the  real  quantity.  I  have  made  a  calcula¬ 
tion  from  which  I  think  the  true  amount  of  water  vaporized  in  the  56  minutes, 
49  seconds,  would  be  very  nearly  approximated  to  in  the  sum  of  2650  lbs. ;  but 
this  may  be  thought  too  high,  and  I  have  concluded  to  reckon  it  as  ^d  of  the 
active  evaporation  for  the  same  time,  or  1472  lbs.,  which  is  equivalent  to  burn¬ 
ing  256  lbs.  of  coke  in  the  time.  Thus,  the  reduction  for  waste  of  water  as 
steam  during  the  delays  is  2465  +  1472  =  3937  lbs. 

A  further  reduction  is  also  necessary  for  such  space  as  the  engine  may  have 
passed  over  without  steam  in  approaching  stations,  or  in  descending  inclined 
planes,  it  being  evident  that  steam  would  blow  off  in  these  intervals. 

I  found,  on  applying  to  Mr.  Woods  for  an  approximation  with  reference  to 
these  quantities,  that  2500  yards  may  be  deducted,  on  each  trip,  for  that  por- 
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tion  of  the  ground  over  which  the  train  passed,  by  virtue  of  its  acquired  impe¬ 
tus,  when  the  steam  was  shut  off  whilst  approaching  the  several  stations  ;  and 
that,  on  each  trip,  the  train  descended  an  inclined  plane  of  a  mile  and  a  half  in 
length  by  gravity  alone. — These  quantities  amount  to  30840  feet,  and  to  7852 
cylinder  volumes,  or  to  between  sVd  and  iVd  part  of  the  190  miles  tra¬ 
versed. 

Mr.  Woods  also  informed  me,  in  reply  to  an  enquiry  on  that  head,  that 
“  there  was  a  pretty  constant  simmering  of  steam  from  the  safety  valves  during 
the  whole  journey.”  The  amount  of  this  portion  of  waste  eludes  determination, 
but,  by  its  amount  (which  could  not  be  inconsiderable  during  seven  hours)  the 
pressure  per  volume  assigned  in  the  Tables  will  be  too  high,  as  also  the  con¬ 
sumption  of  water  as  steam  for  the  power.  This  constant  waste  through  the 
safety  valves  proves  the  steam  to  have  been  constantly  at  the  blowing  off  point, 
and  that,  when  its  exit  through  the  cylinders  was  closed,  it  escaped  freely ; 
consequently,  a  proportionate  deduction  must  be  made  for  the  spaces  passed 
over  without  steam.  By  taking  the  time  equivalent  to  the  passage  of  the  train 
over  these  5.84  miles  without  steam,  the  quantity  of  water,  ineffective  as  power 
from  this  cause,  is  found  to  be  1103  lbs.  The  effective  evaporation,  or  the 
weight  of  water  which  actually  passed  through  the  cylinders,  in  the  shape  of 
steam,  is,  therefore,  39812  -(3937  +  1103)  =34772  lbs.,  which  quantity  stands 
in  the  Tables  as  the  consumption  of  the  engine,  and  is  exclusive  of  waste  from 
the  continuous  escape  of  steam  through  the  safety  valves. 

In  estimating  the  pressure  resulting  from  the  comparative  volumes  of  steam 
and  water,  iVth  is  deducted  from  the  water  for  the  useless  content  of  the  cylin¬ 
der  passages,  and  sVd  from  the  volume  of  steam,  for  the  space  traversed  without 
expenditure  of  power. 

The  consumption  of  coke  is  diminished  in  the  same  ratio  with  that  of  the 
water. 

The  experiment  with  the  Hecla  resolves  itself  into  two  cases  : 

1st.  With  reference  to  the  consumption  of  water  as  steam,  and  of  coke,  ap¬ 
plied  to  the  actual  mean  velocity  of  the  train. 

2d.  With  reference  to  the  consumption  of  water  as  steam,  and  of  coke,  ap¬ 
plied  to  the  velocity  assumed  by  Dr.  Lardner  to  be  that  which  would 
have  resulted,  supposing  the  190  miles  traversed  to  have  been  a  level 
plane. 

I  have  computed  and  set  down  the  results  of  each  of  these  cases  in  the 
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Tables,  but  I  have  thought  it  unnecessary  to  fill  up  the  columns  for  useful  duty, 
and  power,  as  the  accuracy  of  the  data  of  resistance  is  to  be  judged  of  from  the 
whole  tractive  effort  required,  or  gross  duty  done,  compared  with  the  power  ex¬ 
pended.  I  can  assign  no  amount  for  engine  friction,  or  blast-pressure,  as  the 
author  does  not  profess  to  have  made  any  experiments  upon  the  engine  to  deter¬ 
mine  these  quantities  ;  consequently,  no  true  value  can  be  assigned  for  the  pres¬ 
sure  and  power  arising  out  of  the  sum  of  the  resistances.  These  latter  are 
entered  in  their  respective  columns,  but  they  necessarily  represent  the  values  of 
the  pressure  and  power  equivalent  to  the  tractive  effect,  or  gross  duty  only,  and 
have  been  computed  for  the  sole  purpose  of  comparing  them  with  similar  values 
from  the  volume  test. 

On  turning  to  the  Tables,  and  examining  the  results  of  this  experiment, 
(case  2,)  it  will  be  apparent ; 

1.  That  a  duty  has  been  performed  of  double  the  amount  effected  by  the 
condensing  engine,  with  an  equal  expenditure  of  power.  (Column  15.) 

2.  That,  the  absolute  force  impressed  upon  the  pistons,  as  determined  by  the 
relative  volumes  of  water  and  steam,  was  30.95  lbs.  per  square  inch  ; 
whereas  the  tractive  effort,  requisite  to  overcome  the  assigned  resist¬ 
ance,  amounted  to  39.28  lbs.  per  square  inch,  exclusive  of  the  force 
equivalent  to  the  friction  of  the  loaded  engine,  and  blast-pressure.  (Co¬ 
lumns  29,  30.) 

3.  That,  the  power  required  of  the  engine  to  balance  the  tractive  effort 
alone  was  151^  horses;  whilst  the  absolute  power  furnished  by  the 
steam  to  move  the  engine,  to  neutralize  the  blast-resistance,  and  to  over¬ 
come  the  load,  amounted  only  to  11 9-J  horses.  (Columns  33,  34.) 

4.  That,  the  water  expended  as  steam  per  horse-power,  per  hour,  was 

37-89  lbs.  for  the  tractive  effect  or  duty  only,  (column  42);  whereas,  the 
condensing  engine  consumes  70  lbs.  per  effective  horse-power ;  and,  if  the 
two  engines  were  brought  to  an  equality  of  comparison,  the  water  ex¬ 
pended  by  the  locomotive  per  effective  horse-power,  per  hour,  must  have 
been  considerably  less  than  37.89  lbs.,  as  the  steam  overcame  the  blast- 
resistance,  in  addition  to  its  load. 

5.  That,  compared  with  a  fixed  non-condensing  engine,  at  equal  pressure, 
the  locomotive — though  labouring  against  the  heavy  counter  pressure 
of  the  blast,  from  which  the  other  is  free — is  assumed  to  have  performed 
equal  work,  with  less  than  one-half  the  expenditure  of  power. 
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6.  That,  if  the  resistance  assigned  by  Dr.  Lardner  as  opposed  to  the  pro¬ 
gressive  motion  of  the  train  be  correct,  the  efficiency  of  the  steam  in  the 
locomotive,  is  more  than  double  that  obtained  by  the  best  condensing 
engines ;  more  than  treble  that  derived  from  stationary  non-condensing 
engines ;  and  equal  to  the  performance  of  a  Cornish  expansive  engine 
doing  a  50  million  duty  with  a  bushel  of  coals. 

Such  are  the  incredible  results  arising  out  of  data,  purporting  to  be  fairly  and 
necessarily  deduced  from  unimpeachable  experiments.  To  obtain  credence  for 
such  results,  which,  until  proved,  can  be  deemed  but  hypotheses,  it  is  incumbent 
on  those  who  promulgate  and  receive  them,  to  explain  the  process  by  which  the 
locomotive,  commonly  considered  as  the  most  prodigal  of  engines,  transmutes  its 
apparently  enormous  consumption  of  steam  into  an  economy  so  stukmg  as  to 
shake,  if  true,  all  reliance  on  the  fixed  and  well  founded  principles  by  which 
engineers  have  hitherto  been  governed  in  the  application  of  the  steam  engine  to 
its  various  uses. — Until  these  anomalous  and  mysterious  properties  of  the  loco¬ 
motive,  in  its  use  of  steam,  be  brought  to  light,  and  satisfactorily  accounted  for; 
or,  until  a  much  nearer  accordance  be  established  between  these  hypothetical  ef¬ 
fects  and  the  ascertained  performance  of  other  engines,  the  resistances  assigned 
as  opposed  to  and  overcome  by  the  locomotive,  at  different  velocities,  must  be 
regarded  by  persons  conversant  with  the  power  of  steam,  and  with  the  prac¬ 
tical  capability  of  engines,  as  utterly  inconsistent  with  reality,  and  as  resting 
on  no  solid  foundation.  The  fallacy  of  all  these  data  is  not  only  demonstrable 
by  argument,  but  it  is  demonstrated  by  facts  furnished  by  the  engine  itself, 
whenever  an  evaporation  approximate  even  to  the  truth  can  be  arrived  at. 

It  is  important  to  point  out  one  other  error  into  which  railway  analysts 
have  fallen,  and  which  is  clearly  exemplified  by  the  separation  of  the  experi¬ 
ment  with  the  Hecla  into  two  cases.  I  allude  to  the  theoretical  methods 
adopted  by  them  for  reducing  undulating  surfaces  to  a  level. 

M.  de  Pambour  extends  the  length  of  the  Liverpool  and  Manchester  rail¬ 
way  from  29^  to  34 J  miles,  as  a  compensation  for  the  acclivities,  or  for  the  help 
afforded  to  his  trains  in  surmounting  them  by  the  bank  engines,  which  is  the 
same  thing.  Dr.  Lardner,  on  the  contrary,  reduces  the  actual  time  of  the  jour¬ 
ney,  to  that  which  he  assumes  would  be  occupied  in  performing  it  on  a  dead 
level ;  this  is  equivalent  to  a  certain  increase  of  velocity  which  he  assigns,  and 
he  supposes  the  same  load  to  be  moved  at  that  increased  velocity,  with  the 
same  power,  as  at  the  lower  velocity,  but  he  assigns  a  very  different  amount  of 
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resistance  for  each  velocity.  Now,  there  is  one  indubitable  measure  of  the  ac¬ 
curacy,  or  fallacy  of  these  substitutions,  viz.,  the  effect  produced  by  the  power 
expended. — In  the  two  cases  of  the  Hecla  an  equal  quantity  of  water  as  steam 
has  been  consumed  by  the  engine,  in  dragging  the  same  train  over  the  same 
length  of  ground ;  consequently,  the  power  ought  to  have  produced  an  equal 
mechanical  effect  in  both  cases.  How  stand  the  results  ?  By  column  29,  it  is 
seen  that  an  equal  absolute  pressure  of  steam  existed  on  the  pistons  in  both 
cases,  and  an  equal  number  of  cylinders  have  been  filled  with  steam  and  dis¬ 
charged  in  passing  over  it ;  but  the  time  in  which  the  steam  was  expended  is 
less  by  14  per  cent,  in  the  2d  case  than  in  the  1st:  it  is,  therefore,  certain,  that 
the  resulting  pressure  of  the  steam  upon  the  pistons  could  not  have  been  iden¬ 
tical  in  the  two  cases. 

Again,  if  the  resistances  assigned  at  the  two  velocities  were  relatively  cor¬ 
rect — however  positively  erroneous  they  might  be — the  duty  done  by  the  same 
power  would  be  alike  in  both  cases  ;  but  this  is  so  far  from  being  the  presumed 
fact,  that  12  per  cent,  more  duty  has  been  accomplished  at  the  higher  than  at 
the  lower  velocity.  (Column  15.) 

The  same  discrepancy  appears  on  referring  to  the  amounts  of  absolute  and 
tractive  power  of  the  engine ;  a  power,  let  it  be  borne  in  mind,  created  by  an 
equal  expenditure  of  steam  in  the  two  cases.  Column  33  shews  the  difference 
between  the  absolute  powers  to  amount  to  15^  horses ;  and  column  34  exhibits 
the  same  engine,  using  the  same  quantity  of  steam,  to  have  exerted  in  the  1st 
case  an  effort  equal  to  115^,  and  in  the  2d  case,  an  effort  equal  to  151^  horses 
power,  or  a  difference  of  36  horses  power.  No  change  whatever,  be  it  observed, 
is  supposed  to  have  taken  place  in  the  sum  total  of  the  forces  opposed  to  the  en¬ 
gine,  for  the  same  absolute  pressure  is  assumed  to  have  urged  the  pistons ;  the 
friction  and  blast  resistance  in  the  2d  case,  (that  of  the  level,)  must,  therefore, 
have  been  nearly  if  not  precisely  the  same  as  in  the  first  case ;  and  the  conclu¬ 
sion  is  inevitable  that,  if  the  resistance  assigned  for  the  load  at  26.95  miles  per 
hour  be  supposed  correct,  the  amount  attributed  to  it  at  30.93  miles  per  hour  is 
very  greatly  exaggerated ;  or  we  must  conclude  that  the  method  resorted  to  for 
reducing  the  undulating  to  a  level  plane  is  erroneous. 

There  are  numerous  practical  difficulties  against  reducing  a  railway  to  an 
imaginary  level  so  as  to  make  the  mechanical  effects  of  a  given  power,  on  the 
level,  coincide  with  those  obtained  under  the  practical  conditions  of  a  railway ; 
and  it  is  manifest  that  these  results  ought  to  agree,  if  every  circumstance  con- 
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nected  with  the  problem  be  taken  into  account.  If  all  the  resistances  and  fric¬ 
tions  incidental  to  the  engine  and  its  train  were  truly  ascertained  for  all  velo¬ 
cities,  and  all  loads,  and  corrections  were  applied  accordingly,  the  effects  obtained 
from  a  given  power  moving  the  same  load,  at  two  different  velocities,  over  a 
level,  and  over  an  undulating  surface,  would  be  identical.  The  comparison  of 
these  two  cases  shews  the  data  of  resistance  to  be  altogether  fallacious ;  and  I 
think  the  effects  ascribed  to  a  locomotive  engine  of  the  dimensions  of  the  Hecla 
will  be  regarded  as  fabulous,  when  it  is  seen  that,  in  order  to  accomplish  a  trac¬ 
tive  effort  exceeding  150  horses  power,  the  whole  force  of  steam  upon  the 
pistons  could  not  have  amounted  to  less  than  200  horses ;  for  it  cannot  be  sup¬ 
posed  that  the  friction  of  the  engine  so  highly  loaded,  together  with  the  blast- 
pressure,  required  less  than  12  lbs.  per  square  inch  to  balance  them;  which 
addition  would  raise  the  absolute  power  of  the  engine  to  200  horses.  It  is,  I 
apprehend,  very  questionable  whether  the  parts  of  any  locomotive  engine  yet 
constructed  could  hold  together,  under  a  total  effort  of  even  half  that  power. 

By  these  observations  I  am  far  from  presuming  to  dispute  the  accuracy  of 
the  compensations  applied  for  the  acclivities  and  declivities  of  the  railways  tra¬ 
versed  in  this  experiment,  as  reckoned  on  the  time;  but,  if  the  principle  on 
which  the  level  has  been  calculated  be  true,  the  comparison  of  the  two  cases 
establishes  the  necessity  of  appreciating  other  facts  than  we  are  at  present 
acquainted  with,  before  it  can  be  demonstrated  that  a  given  power  will  convey 
a  given  load  at  some  certain  increased  velocity  along  a  level,  compared  with 
the  actual  velocity  along  any  given  undulating  line.  This  is  a  practical  ques¬ 
tion  of  very  great  import  to  the  science,  as  well  as  to  the  first  cost,  and  ultimate 
mercantile  success  of  railways,  and  it  is  of  the  utmost  consequence  that  its  de¬ 
termination  should  be  sought  in  a  practical  sense,  and  by  such  practical  methods 
as  railways  and  engines  enable  us  to  use.  Such  a  problem  as  this  is  not  to  be 
solved  by  deductions  from  experiments  on  wagons  and  carriages  running  down 
inclined  planes ;  facts  alone  can  decide  it,  and  they  are  attainable. 

There  is  no  such  thing  as  a  constant  quantity,  in  a  practical  point  of  view, 
appertaining  to  any  one  of  the  resistances  or  frictions  which  enter  into  the  com¬ 
position  of  the  sum  of  the  forces  opposed  to  the  progressive  motion  of  an  engine 
and  train.  There  can  be  no  doubt  but  that  the  air  opposes  different  amounts 
of  resistance  to  the  same  body  moving  through  it  with  different  velocities,  so 
that  in  ascending  an  acclivity,  though  the  velocity  of  a  train  be  diminished  by 
the  counter  force  of  gravity,  the  resistance  to  the  train  from  the  air  is  di- 
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minished  at  the  same  time ;  and  a  correction  would  be  required  for  this  quan¬ 
tity  at  every,  even  the  smallest,  deviation  of  the  line  from  a  mathematical  level, 
whether  ascending  or  descending.  The  pressure  of  steam  upon  the  pistons 
varies  with  the  effort  required,  causing  fluctuations  in  the  amount  of  engine 
friction  and  blast-resistances  according  to  the  velocity.  In  the  cases  under  con¬ 
sideration  a  level  has  been  calculated,  and  it  may  be  on  sound  principles, 
but  it  does  not  appear  that  any  corrections  have  been  applied  for  these  varying 
forces  as  regards  the  load,  or  power ;  consequently,  the  theoretical  level  is  a 
pure  fiction  with  reference  to  the  practical  results  of  the  experiment. 

The  same  remarks  apply  to  M.  de  Pambour’s  experiments  reduced  to  his 
level. 

I  should  state,  with  reference  to  the  amounts  of  water  consumed  as  steam 
set  down  in  column  11,  for  the  two  cases  of  the  Hecla,  that  the  difference  arises 
from  having  to  treat  a  hypothetical  case,  viz.  that  of  a  level.  In  the  1st,  or 
actual  case,  two  inclined  planes  of  1^  mile  each  occurred,  which  the  engine 
traversed  without  steam,  besides  the  5000  yards  in  approaching  stations,  by 
which  the  consumption  of  water  had  to  be  diminished  ^d,  as  previously  ex¬ 
plained.  The  imaginary  case  of  the  level  requires  that  the  engine  should  be 
supplied  with  steam  along  the  3  miles  deducted  for  these  inclined  planes  in  the 
1st  case;  consequently  eVth  is  the  correction  in  the  2d  case  for  the  5000  yards 
only.  A  similar  correction  for  the  space  passed  over  without  steam  was  re¬ 
quisite  in  estimating  the  volume  of  steam  consumed ;  as  the  power  was  in 
action  in  the  1st  case,  during  61894  double  strokes  of  each  piston,  and  in  the 
2d  case  during  62902  double  strokes.  The  mean  velocity  of  the  engine  and 
train  in  both  cases  is  found  by  dividing  the  whole  distance  traversed,  by  the 
whole  time  ;  but,  as  the  steam  did  not  operate  during  the  whole  time  in  either 
case,  a  further  correction  became  necessary  for  the  number  of  revolutions  of  the 
working  wheel,  or  number  of  double  strokes  of  the  piston  effected  per  minuCe  by 
the  steam.  In  the  1st  case  the  steam  operated  during  411  minutes  instead  of 
the  whole  time,  or  424  minutes  ;  and  in  the  2d  case  during  363.4  minutes, 
instead  of  368.9  minutes.  Had  not  these  corrections  been  made,  the  number  of 
horses  power  arising  out  of  the  assigned  resistance,  (column  34,)  would  not  have 
corresponded  with  the  power  deduced  from  the  duty,  (column  36) ;  and  it  is 
evident  that  the  two,  being  identical,  ought  to  coincide  in  amount,  as  they  do 
when  they  are  properly  computed. 
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TABLE  of  the  volume  of  the  steam  generated  under  different  pressures,  compared  to  the 
volume  of  the  water  that  has  produced  it. — New  Theory  of  the  Steam  Engine  by 
Le  Comte  de  Pambour,  page  76. 


Total  pres¬ 
sure,  in  Eng¬ 
lish  pounds, 
per  square 
inch. 

Correspond¬ 
ing  tempera¬ 
ture  by 
Fahrenheit’s 
thermometer. 

Volume  of  the 
steam  com¬ 
pared  to  the 
olume  of  the 
water  that  has 
produced  it. 

Total  pres¬ 
sure  in  Eng¬ 
lish  pounds, 
per  square 
inch. 

Correspond¬ 
ing  tempera¬ 
ture  by 
Fahrenheit’s 
thermometer. 

Volume  of  the 
steam  com¬ 
pared  to  the 
volume  of  the 
water  that  has 
produced  it. 

Total  pres¬ 
sure,  in  Eng¬ 
lish  pounds, 
per  square 
inch. 

Correspond¬ 
ing  tempera¬ 
ture  by 
Fahrenheit’s 
hermometer. 

Volume  of  the 
steam  com¬ 
pared  to  the 
volume  of  the 
water  that  has 
produced  it. 

1 

102.9 

20954 

38 

265.3 

710 

75 

308.9 

381 

2 

126.1 

10907 

39 

266.9 

693 

76 

309.9 

377 

3 

141.0 

7455 

40 

268.4 

677 

77 

310.8 

372 

4 

152.3 

5695 

41 

269.9 

662 

78 

311.7 

368 

5 

161.4 

4624 

42 

271.4 

647 

79 

312.6 

364 

6 

169.2 

3901 

43 

272.9 

634 

80 

313.5 

359  1 

7 

176.0 

3380 

44 

274.3 

620 

81 

314.3 

355 

8 

182.0 

2985 

45 

275.7 

608 

82 

315.2 

351 

9 

187.4 

2676 

46 

277.1 

596 

83 

316.1 

348 

10 

192.4 

2427 

47 

278.4 

584 

84 

316.9 

344 

11 

197.0 

2222 

48 

279.7 

573 

85 

317.8 

340 

12 

201.3 

2050 

49 

281.0 

562 

86 

318.6 

337 

13 

205.3 

1903 

50 

282.3 

552 

87 

319.4 

333 

14 

209.0 

1777 

51 

283.6 

542 

88 

320.3 

330 

15 

213.0 

1669 

52 

284.8 

532 

89 

321.1 

326 

16 

216.4 

1572 

53 

286.0 

523 

90 

321.9 

323 

17 

219.6 

1487 

54 

287.2 

514 

91 

322.7 

320 

18 

222.6 

1410 

55 

288.4 

506 

92 

323.5 

317 

19 

225.6 

1342 

56 

289.6 

498 

93 

324.3 

313 

20 

228.3 

1280 

57 

290.7 

490 

94 

325.0 

310 

21 

231.0 

1224 

58 

291.9 

482 

95 

325.8 

307 

22 

233.6 

1172 

59 

293.0 

474 

96 

326.6 

305 

23 

236.1 

1125 

60 

294.1 

467 

97 

327.3 

302 

24 

238.4 

1082 

61 

294.9 

460 

98 
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MR.  PARKES  ON 


OF  MOMENTUM  AS  A  MEASURE  OF  THE  EFFECT  OF  LOCOMOTIVE 

ENGINES. 

'  ( 

The  effective  power  of  a  locomotive  engine — by  which  is  meant  the  excess 
of  power  after  overcoming  its  proper  friction,  and  the  resistance  from  the 
blast — is  solely  expended  in  the  generation  of  momentum.  The  momentum 
communicated  to  the  entire  mass  set  in  motion  represents  the  useful  mechani¬ 
cal  effort  exerted  by  the  steam ;  this  effect  of  the  engine  is,  therefore,  at  all 
times  determinable ;  for,  being  the  simple  product  of  the  mass  moved,  multi¬ 
plied  into  its  velocity,  it  is  the  product  of  two  quantities  easily  ascertained 
under  all  the  practical  circumstances  of  railway  traffic.  The  consumption  of 
power,  as  water  in  the  shape  of  steam,  is  a  third  quantity  also  readily  ap¬ 
preciable. 

Were  it  possible  to  work  a  locomotive  engine  and  its  train  in  vacuo,  on  a 
truly  level  plane,  the  momentum  generated  by  an  equal  expenditure  of  power 
would  be  a  constant  quantity  at  all  velocities;  for,  the  resistance  being  in¬ 
variable,  equal  momenta  would  be  produced  by  an  equal  expenditure  of  power 
with  all  loads,  as  the  velocity  attained  would  be  in  the  inverse  ratio  of  the 
loads,  and  vice  versa.  This  hypothetical  case  supposes  friction  and  resist¬ 
ance  of  all  kinds  to  be  constant.  We  know,  however,  in  practice,  the  power 
and  velocity  of  an  engine  and  train  to  be  limited  by  the  interference  of  numer¬ 
ous  impediments,  which  may  be  enumerated  as  follows  : 

1st.  The  air — the  amount  of  resistance  or  assistance  from  which  source, 
must  be  nearly  as  inconstant  as  the  wind  itself — has  to  be  displaced  ;  a  pas¬ 
sage  has  to  be  forced  through  it ;  but,  in  what  ratio  this  obstacle  varies  with 
the  velocity  of  a  train,  or  in  what  proportion  it  enters  into  the  total  sum  of 
the  resistance  to  be  overcome,  at  any  one  velocity,  we  are  at  present  utterly 
ignorant. 

2d.  The  friction  of  a  body  moving  upon  an  inflexible  uniform  plane  is 
commonly  assumed  to  be  the  same,  or  nearly  so,  at  all  velocities  for  equal 
weights,  but  it  is  questionable  whether  this  assumption  be  well  founded  in 
its  application  to  railways,  as  they  are  very  far  from  being  inflexible  uni¬ 
form  planes,  but  consist,  on  the  contrary,  of  a  series  of  short  elastic 
bars,  very  imperfectly  united,  with  points  of  union  which  offer  sensible  ob¬ 
structions  to  a  train  passing  over  them.  No  determinate  experiments  have 
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yet  acquainted  us  with  the  value  of  this  friction  at  any  one  velocity ;  nor  do 
we  know  whether  it  increases  or  diminishes,  or  in  what  ratio  with  the  speed 
and  weight  of  a  train.  The  practical  condition  of  a  railway  is  also  at  no  time 
so  perfect  as  to  present,  for  many  yards  successively,  either  a  true  rectilinear  or 
a  true  transverse  level ;  circumstances  which — inasmuch  as  they  vary  greatly 
in  different  parts  of  the  same  railway,  and  still  more  in  different  railways — < 
must  affect  the  amount  of  friction. 

3d.  The  blast-pressure — which  is  actually,  though  not  intrinsically,  a  con¬ 
dition  of  the  engine — opposes  to  the  power  amounts  of  resistance  fluctuating 
with  the  load,  and  with  the  velocity.  Its  intensity  may  be  supposed  to 
have  some  definite  relation  to  that  of  the  active  steam,  and  to  the  number  of 
discharges  from  the  cylinders  which  have  to  be  made  in  a  given  time ;  but  its 
value  is,  at  present,  unascertained  for  any  one  load,  at  any  one  velocity. 

4th.  The  friction  of  the  moving  parts  will  be  a  constant  quantity  for  the 
same  engine,  without  load,  and  in  good  order ;  but  it  necessarily  varies  for 
engines  of  different  dimensions  and  weights,  and  according  to  the  method  of 
applying  the  power,  number  and  diameter  of  the  wheels,  &c. 

5th.  The  additional  friction  brought  upon  the  moving  parts  of  engines  by 
their  load,  and  by  the  velocity  at  which  they  are  travelling,  is  also  a  fluctuat¬ 
ing  quantity,  and  one  which  it  is  extremely  difficult  to  ascertain. 

Such  is  the  inconstant  nature  of  the  principal  forces  which  have  to  be 
overcome  by  the  power  applied  to  a  locomotive  engine.  All  attempts  to  de¬ 
termine  their  special  as  well  as  their  total  value  have  proved  fruitless,  and  the 
widely  discordant  estimations  assigned  b}r  the  experimenters  whose  labours 
have  been  examined,  exhibit  the  difficulties  of  arriving  at  the  true  determina¬ 
tion  of  some  of  these  forces,  to  be  undiminished,  if  not  insurmountable. 

Until  the  value  of  the  blast-pressure  be  definitely  ascertained,  no  true 
estimate  of  the  effective  power  of  an  engine  employing  it  can  be  made ;  con¬ 
sequently,  the  force  of  such  engine  cannot  be  measured  by  the  consumption  of 
water  as  steam ;  for,  all  the  power  employed  to  overcome  the  resistance  of 
the  blast  is  ineffective.  Until,  therefore,  this  particular  resistance  be  deter¬ 
mined  for  every  pressure  on  the  piston,  no  quantity  of  water  as  steam  can 
be  correctly  assigned  as  the  measure  of  an  effective  horse-power  in  a  loco¬ 
motive  ;  nor  can  we  accurately  compare  its  effects  with  those  of  other  engines. 
All  we  do  know  is  that,  by  that  amount,  the  locomotive  must  expend  more 
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steam  for  equal  effects,  than  a  fixed  non-condensing  engine,  at  equal  pressures, 
if  their  friction  be  the  same. 

A  knowledge  of  the  momentum  generated  by  an  equal  expenditure  of  water 
as  steam  in  equal  times,  furnishes  a  true  test  of  the  useful  mechanical  per¬ 
formance  of  the  engine,  as  well  as  a  true  test  of  the  difference  of  power  con¬ 
sumed  in  the  production  of  equal  momenta,  or  of  the  same  useful  mechanical 
performance  at  different  velocities ;  for,  the  expenditure  of  steam  varies  only 
according  to  the  absolute  resistance  opposed  to  it,  which  it  exactly  balances, 
and,  therefore,  accurately  measures.  The  momentum  of  the  mass  moved  being  a 
measurable  product  of  the  power,  and  this  product  diminishing  with  every 
increase  of  velocity,  in  the  same  ratio  that  the  increments  of  resistance  opposed 
to  the  acquisition  of  such  higher  velocity  augment,  the  quantity  of  power 
employed  to  generate  equal  amounts  of  momentum  becomes  a  true  measure 
of  the  increased  resistance  overcome  by  that  power,  from  whatever  sources  it 
may  arise.  These  principles  are  embraced  in  the  two  following  propositions : 

Proposition  1. — Equal  momenta  would  result  at  all  velocities  from  an 
equal  amount  of  power  expended  in  equal  times  by  the  same  engine,  if  the 
forces  opposed  to  progressive  motion,  and  to  the  effective  use  of  the  steam  in 
the  engine,  were  uniform  at  all  velocities. 

Proposition  2. — The  difference  between  the  momenta  generated  by  an  unit 
of  power  in  a  given  time  at  various  velocities,  measures  the  difference  in  the 
sum  of  the  resistances  opposed  to  the  power  at  those  velocities. 

By  ascertaining,  therefore,  three  facts  which  are  at  all  times  within  our 
reach,  viz.  the  gross  weight  of  an  engine,  tender  and  train — their  mean  ve¬ 
locity — and  the  expenditure  of  water  as  steam  during  the  trip,  very  simple 
computations  inform  us ; 

1st.  Of  the  mechanical  effect  realized  by  a  given  power  at  all  velocities. 

2d.  Of  the  total  increase  or  decrease  of  resistance  at  all  velocities. 

3d.  Of  the  ratios  which  the  increase  or  decrease  of  resistance,  at  different 
velocities,  bear  to  the  ratios  of  those  velocities. 

Two  other  results,  distinct  in  their  nature  from  the  foregoing,  are  disclosed 
by  a  knowledge  of  the  same  three  facts,  viz.  the  amount  of  gross  and  useful 
tractive  effect  realized  by  an  equal  expenditure  of  power  at  all  velocities. 
These  form  what  may  properly  be  termed  the  commercial  results,  of  which 
the  latter  is  the  only  useful  quantity.  The  difference  between  these  two 
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amounts  is  an  useless  quantity  in  a  practical  sense,  and  is  a  costly  waste  of 
power  incident  to  the  locomotive  functions  of  the  engine  and  tender,  over  and 
above  the  waste  arising  from  the  unascertained  and  ineffective  portion  of  the 
whole  power  required  for  blast*. 

Tables  XIII.  and  XIV.  contain  the  reductions  of  a  large  assemblage  of 
results  to  the  terms  necessary  for  the  exhibition,  and  development  of  these 
views.  They  comprise  forty-nine  experiments,  being  all  those  previously  re¬ 
ferred  to,  with  the  addition  of  the  experiments  by  Mr.  Nicholas  Wood  on  the 
Great  Western  and  London  and  Birmingham  railways,  and  others.  To  these 
experiments  I  have  added  (Table  XIII.)  the  dimensions  of  the  engines,  that 
particulars,  so  necessary  for  every  investigation!  into  the  performance  of  the 
locomotive,  may  not  be  wanting  for  any  one  engine  referred  to  in  this  paper. 

Table  XIII.  registers  the  velocity  of  the  engines,  the  consumption  of  water 
as  steam,  the  loads,  the  absolute  momenta  per  second,  the  momenta  generated 
by  equal  power  in  equal  times,  viz.  by  1  lb.  of  steam  per  second — also  the 
weights  of  the  gross  and  useful  loads  moved  by  equal  power,  viz.  by  1  cubic 
foot  of  water  as  steam,  at  the  velocity  of  each  experiment.  The  water  stated  in 
columns  4  and  12  is  the  whole  quantity  expended  during  the  trips,  inclusive  of 
all  losses  which  may  have  taken  place,  excepting  when  corrections  have  been 
supplied,  as  in  the  case  of  the  Leeds  ( new  data,)  and  Hecla.  The  water  as¬ 
signed  as  the  consumption  of  the  Atlas ,  experiment  III.,  is  computed  propor¬ 
tionally  to  the  other  experiments  on  that  engine,  M.  de  Pambour  not  having 
noted  it,  and  it  being  important  to  have  the  means  of  comparing  two  pairs  of 
results  with  this  engine,  on  the  actual  and  assumed  distances  of  29^  and  34-| 
miles,  separately,  as  false  conclusions  only  could  arise  out  of  a  comparison  of 
the  real  with  the  fictitious  distance  traversed  f. 

*  These  two  losses  constitute  the  principal  difference  iin  the  economy  of  power  between  sta¬ 
tionary  and  locomotive  engines,  as  instruments  of  railway  traction  ;  the  former  having  to  suffer  a 
deduction  for  loss  of  power  arising  from  the  use  of  the  rope.  The  precise  relation  of  the  two  en¬ 
gines  in  the  production  of  useful  effect  by  an  equal  expenditure  of  power,  offers  many  interesting 
points  for  investigation,  which  have  latterly  been  little  enquired  into.  Many  important  facts 
connected  with  railway  science,  and  with  the  profitable  adaptation  of  railways  to  other  than 
rapid  passenger  traffic,  require  to  be,  and  could  not  fail  to  be  illustrated  by  a  well  arranged, 
definite  series  of  experiments  on  both  engines. 

f  For  the  comparative  purposes  of  these  tables,  the  actual  evaporation  from  the  boilers  can 
only  be  used  as  data,  unless  every  one  of  the  experiments  had  been  supplied  with  accurate  cor¬ 
rections  for  waste.  As  they  stand  in  these  tables,  we  have  the  quantities  of  water  practically 
expended  as  power,  with  which  it  is  necessary  to  rest  contented  until  experiments  be  conducted 
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Column  1 1  exhibits  the  momentum,  or  product  of  the  mass,  in  tons,  of  the 
engine,  tender,  and  train  multiplied  into  its  velocity  in  feet  per  second ;  and 
the  sums  thus  represent  the  respective  mechanical  effect  produced  per  second 
by  each  engine.  If  precisely  equal  quantities  of  water  as  steam  had  been  ex¬ 
pended  in  equal  times,  the  sums  in  this  column  would  have  accurately  shewn 
the  relative  effects  realized  by  the  expenditure  of  an  equal  force  at  the  dif¬ 
ferent  velocities,  and  with  the  different  loads ;  but  the  consumption  of  a  given 
power,  in  a  given  time,  formed  no  condition  of  the  experiments,  nor  could  it 
be  practically  accomplished.  In  order,  therefore,  to  obtain  a  true  expression  of 
the  effect  in  terms  of  power,  it  is  necessary  to  find  the  momentum  proportionate 
to  each  unit  of  power  expended  in  its  generation.  The  unit  chosen  is  one 
pound  of  water  as  steam.  These  results  are  accordingly  given  in  column  12, 
and  the  effect  of  a  pound  of  water  as  steam — or  a  pound  of  power — at  any  one 
of  the  velocities  recorded  in  column  3,  is  strictly  comparable  with  a  like  effect, 
at  any  other  velocity,  by  the  notation  adopted  in  column  12. 

The  series  of  results  in  this  last  column  serves,  also,  to  a  certain  extent,  as  a 
test  of  accuracy  in  the  conduct  of  the  experiments,  for  we  know  that  the  same 
mechanical  effect  cannot  be  realized  at  a  high,  as  at  a  low  velocity,  by  the 
same  engine;  we  know  that  an  engine  dragging  a  load  at  23  miles  per  hour, 
must  consume  more  power,  to  acquire  an  equal  momentum,  than  at  a  lower 
velocity.  A  reference  to  the  Fury  (previously  adverted  to  as  giving  anoma¬ 
lous  results,)  exhibits  that  engine  as  having  performed  more  work  at  23,  than 
at  2 If  miles  per  hour,  by  the  ratio  of  24  to  19 ;  it  is,  therefore,  with  certainty 

with  such  care  and  precision  as  to  require  no  corrections,  or  such  only  as  are,  in  their  nature, 
unavoidable.  These  quantities  fairly  represent,  perhaps,  the  comparative  consumption  of  power 
for  given  effects  on  the  different  railways,  as  we  cannot  but  suppose  the  engines,  when  under 
charge  of  the  parties  who  conducted  these  experiments,  to  have  been  managed  with  greater  care 
than  when  left  to  the  sole  guidance  of  the  attendant  engineer,  as  in  common  practice.  Mr. 
Wood  has  assigned  no  value  for  loss  of  steam  by  the  safety  valves,  delays,  or  other  sources,  so 
that  any  attempt  to  determine  the  positive  power  of  those  engines  would  be  fruitless  ;  and  if  M. 
de  Pambour’s  data  for  water  were  corrected,  and  the  others  uncorrected,  the  comparison  of 
effects  resulting  from  an  equal  expenditure  of  power  by  the  different  engines,  on  the  different 
railways,  would  be  entitled  to  no  credit.  If  the  evaporation  in  M.  de  Pambour’s  experiments 
were  diminished  by  one-fourth,  according  to  his  instructions,  or  by  any  other  equal  amount,  the 
relative  comparisons  between  his  engines  would  still  hold  good  ;  but  it  is  evident  that  the  rela¬ 
tion  between  his  results  and  others  would  be  altogether  faithless,  unless  it  were  certain  that  the 
latter  required  no  correction,  or  unless  an  ascertained  correction  were  supplied. 
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we  may  conclude  one  or  both  of  those  experiments  to  be  erroneous,  though  we 
cannot  determine  which  of  them,  for  want  of  a  sufficient  series  of  results  from 
the  same  engine  to  guide  our  judgment.  For  subsequent  comparison,  there¬ 
fore,  I  have  struck  out  these  two  experiments  as  unsatisfactory. 

The  North  Star  affords  a  sequence  of  six  experiments  at  velocities  varying 
from  18j  to  38  J  miles  per  hour,  but  the  sequence  of  results  is  so  irregular  as  to 
indicate  error  in  two  of  them,  which  I  have  accordingly  marked  and  rejected, 
for  it  is  certain  that  a  greater  measurable  effect  must  accrue  from  the  expendi¬ 
ture  of  equal  power  at  25  than  at  30,  and  at  31^  than  at  34  miles  per  hour  ; 
yet,  the  reverse  appears  on  the  face  of  the  experiments.  It  is  also  equally  im¬ 
possible  that  a  greater  momentum  should  have  been  generated  by  a  like  con¬ 
sumption  of  force  at  34,  than  at  25  miles  per  hour. 

The  seven  experiments  on  the  AEolus  present  a  pretty  uniformly  descending 
gradation  in  the  momenta  resulting  at  speeds  between  17f  and  33^  miles  per 
hour,  excepting  Experiment  II.,  which  must  be  discarded  as  erroneous. 

Evidence  of  accuracy  is  satisfactorily  developed  by  other  trials,  the  selec¬ 
tion  of  one  or  two  examples  of  which  will  serve  to  illustrate,  and  direct  atten¬ 
tion  to  the  value,  and  searching  nature  of  this  test.  Experiments  I.  and  II.  on 
the  Neptune,  at  velocities  almost  identical,  but  with  a  load  somewhat  greater 
in  the  second  than  in  the  first,  shew  an  accordance  in  their  results  so  close  as 
to  merit  confidence  in  the  conduct  of  them.  The  two  experiments  on  the  Lion 
are  even  more  conclusive,  the  velocities  being  nearly  identical,  yet  it  is  seen 
that  power  was  consumed  in  exact  proportion  to  the  loads,  though  they 
varied  by  25  per  cent. ;  and,  consequently,  that  the  same  measurable  effect,  or 
equal  momenta,  resulted  from  the  consumption  of  equal  power  at  similar  veloci¬ 
ties.  These  experiments  exhibit  the  great  importance  of  a  repetition  of  trials  at 
like  velocities  with  like,  or  even  unlike  loads,  to  inspire  perfect  confidence  in 
their  results.  The  four  experiments  on  the  Apollo ,  as  also  those  on  the  Harvey 
Combe,  and  Buri/s  engine,  afford  rational  grounds  for  considering  them  to  be 
respectively  entitled  to  credit,  inasmuch  as  the  descending  scale  of  their  effects 
comports  with  the  ascending  scale  of  their  velocities.  The  same  remark  applies 
to  M.  de  Pambour’s  series,  with  the  exception  of  the  Fury. 

M.  de  Pambour  has  noted  the  state  of  the  atmosphere  during  his  experi¬ 
ments,  none  of  which  appear  to  have  been  affected  by  any  particular  force  of 
wind  either  favourable,  adverse,  or  transverse.  I  find  no  mention  made  by 
Mr.  Wood  of  any  extraordinary  derangement  from  this  source,  but  it  must  be 
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understood,  as  before  remarked,  in  citing  these  experiments  as  worthy  of  con¬ 
fidence,  that  expression  extends  only  to  the  mutual  comparison  of  their  results, 
and  involves  the  supposition  that  the  correction  for  loss  of  steam  from  waste, 
delays,  &c.,  would  be  pretty  much  the  same,  for  the  same  engine,  in  each 
experiment. 

Table  XIV.  is  a  summary  of  the  ratios  of  the  velocities,  and  of  their  squares, 
brought  into  juxta-position  with  the  ratios  of  the  power  expended  to  produce 
equal  momenta,  equal  gross,  and  equal  useful  effects,  by  the  comparison  of  pairs 
of  experiments  on  the  same  engine  given  in  Table  XIII.,  and  referred  to  in 
column  2.  The  actual  velocities  of  each  contrasted  pair  are  reproduced  in 
column  3,  it  being  important  to  observe,  not  only  the  ratio  of  the  velocities,  but 
the  particular  speed  of  the  compared  engines.  The  lowest  velocity  of  each 
pair  is  considered  as  unity.  The  influence  which  velocity  exerts  over  the  ex¬ 
penditure  of  power  for  equal  mechanical,  and  equal  commercial  effects,  is  clearly 
manifested  upon  each  engine  in  columns  6,  7,  8  ;  and  the  amount  of  loss,  attri¬ 
butable  to  the  increase  of  resistance  at  the  higher  velocities,  is  shewn  in  the 
last  three  columns. 

Four  Means  are  derived  from  these  results, 

Mean  1.  as  explained  in  the  table,  embraces  the  whole  number  of  experi¬ 
ments  entitled  to  confidence  in  Table  XIII.,  and  this  large  average — which  the 
results  of  42  experiments  upon  15  different  engines  may  be  considered — 
informs  us ; 

1st.  That  when  velocity  is  increased  in  the  ratio  of  1.52  to  1,  an  increased 
consumption  of  power  is  required  for  the  production  of  equal  mechanical  effects, 
or  of  equal  momenta,  in  the  ratio  of  1.43  to  1,  being  somewhat  less  than  in  the 
direct  ratio  of  the  velocities. 

2d.  That  power  is  expended  in  the  ratio  of  2.43  to  1,  or  in  about  that  of  the 
squares  of  the  velocities  to  produce  equal  gross  commercial  results. 

3d.  That  power  is  expended  in  the  ratio  of  3.11  to  1,  or  in  not  much  less 
than  that  of  the  cubes  of  the  velocities,  to  realize  equal  useful  commercial 
results. 

In  other  words,  it  appears,  from  the  mean  of  all  these  experiments,  that  a  loss 
of  68,  59,  and  30  per  cent,  on  the  useful,  gross,  and  mechanical  effects,  respec¬ 
tively,  arises  from  an  equal  expenditure  of  power  at  a  velocity  of  30.92  miles  per 
hour,  compared  with  a  velocity  of  20.32  miles  per  hour.  It  is  important  to 
have  an  exact  method  of  arriving  at  such  general  results  as  these,  but  it  is  of  still 
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greater  consequence  to  be  able  to  test,  and  ascertain  the  relative  qualifications 
of  particular  engines,  and  the  relative  perfection  of  different  railways ;  to  the 
latter  purpose  I  will  first  apply  the  powers  of  this  method  of  analysis. 

The  Means  2,  3,  4,  afford  special  results  from  these  experiments  on  three 
railways,  which  distinctly  mark  the  order  of  economy  to  be,  1st.  Liverpool  and 
Manchester;  2d.  London  and  Birmingham;  3d.  Great  Western;  as  developed 
by  the  realization  of  the  greatest  mechanical  effect,  and  of  the  greatest  useful 
commercial  effect,  from  an  equal  expenditure  of  steam  power.  It  is,  however, 
incumbent  upon  me  to  guard  against  these  conclusions  being  considered  as  other 
than  the  indications  of  results  flowing  from  the  particular  experiments  which 
are  here  collected  together ;  experiments  which  can  neither  be  considered  so 
numerous,  nor  so  exact,  as  definitive  determinations  of  so  important  a  nature 
require.  The  Liverpool  and  Manchester  railway  has  undergone  certain  changes 
in  the  weight  of  its  rails  since  M.  de  Pambour’s  experiments  ;  the  engines  may 
also  be  of  other  dimensions,  and,  for  aught  I  know,  more  or  less  economical  of 
power.  Two  engines  only  were  subjected  to  trial  by  Mr.  Wood  on  the  London 
and  Birmingham  railway,  and  only  over  a  small  part  of  it.  The  Great  Western 
railway  was  incomplete,  the  engines  of  a  rather  novel  construction,  and,  at  the 
time,  somewhat  recently  put  to  work.  It  is,  therefore,  to  be  understood  that  a 
method  of  investigating  the  economic  qualities  of  locomotive  engines,  and  of 
railways  generally,  is  here  alone  attempted  to  be  illustrated,  not  the  actual 
state  of  perfection  of  any  one  engine,  or  of  any  one  railway,  for  which  purposes 
I  can  only,  at  present,  use  the  materials  furnished  to  my  hand. 

The  Means  in  Table  XIV.  are  insufficient  for  either  of  these  objects,  as  a  true 
comparison  of  the  qualities  of  engines  requires  that  their  effects  should  be  mani¬ 
fested,  as  nearly  as  possible,  at  similar  velocities  ;  for,  we  are  ignorant  whether 
the  resistances  increase  by  the  same  ratios  at  low,  as  at  high  velocities  :  careful 
and  repeated  practical  experiments  can  alone  determine  whether  the  rate  in 
which  resistance  augments  be  the  same,  for  example,  between  10  and  20,  as 
between  20  and  40  miles  per  hour. 

For  the  more  perfect  exhibition  of  this  method  of  analysis,  and  for  the  most 
comprehensive  development  of  its  powers  afforded  by  the  recorded  experi¬ 
ments,  Table  XV.  has  been  composed,  which  contrasts  the  results  of  six  experi¬ 
ments  on  the  Great  Western,  with  six  on  the  London  and  Birmingham  railways, 
at  velocities  as  nearly  as  possible  identical.  The  power  of  the  engines,  at  the 
mean  speed  of  27  miles  per  hour  is  represented  in  column  2,  by  the  gross  loads 
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respectively  dragged  at  that  speed ;  and  it  appears  from  the  ratios  of  the 
loads,  that  the  London  and  Birmingham  engines  were  less  powerful  than  those 
of  the  Great  Western  by  24  per  cent. ;  hut,  by  column  3,  we  learn  that  though 
the  Great  Western  engines  were  more  powerful — as  they  ought  to  be  from 
their  dimensions — the  London  and  Birmingham  engines  performed  1 8  per  cent, 
more  work  with  an  equal  consumption  of  power. 

The  weight  of  useful  load  dragged  is  also  in  favour  of  the  Great  Western 
by  19  per  cent.,  (column  4,)  but  column  5  shews  that  useful  load  to  be  accom¬ 
plished  by  a  considerable  sacrifice  of  power,  and,  therefore,  by  a  greater 
expense  than  an  equal  useful  load  on  the  London  and  Birmingham ;  the  differ¬ 
ence  being  27  per  cent,  in  favour  of  the  latter  railway.  These  are  the  com¬ 
mercial  results  incontestibly  indicated  by  the  comparison  of  the  loads,  and  con¬ 
sumption  of  power  assigned  to  the  engines;  but,  before  proceeding  further  in 
the  investigation,  I  may  observe  that  these  results  do  not  necessarily  prove  the 
system  adopted  on  the  one  railway  to  be  more  or  less  economical  than  the  other  ; 
as  in  a  question  of  such  magnitude,  other  important  considerations  and  details 
have  to  be  taken  into  account.  It  may  happen  to  be  a  matter  of  extreme  con¬ 
sequence  to  the  interests  of  one  railway  to  have  a  power  at  command  capable 
of  conveying  a  much  larger  number  of  passengers  at  one  time,  than  another 
railway,  and  though  this  object  may  not  be  effected  without  a  sacrifice  of 
power  by  an  individual  engine,  it  may  suit  the  necessities  of  that  railway,  and 
be  cheaper  than  employing  more  engines,  and  more  trains.  I  know  not 
whether  of  the  two,  the  Great  Western  or  London  and  Birmingham,  require  to 
drag  the  heavier  net  load — a  fact  apart  from  this  investigation — but  we  see 
that  in  order  to  gain  an  increased  amount  of  useful  load  of  19  per  cent.,  27  per 
cent,  more  power  was  absorbed  by  the  Great  Western’s  engines. 

The  true  comparison  of  the  effective  performance  of  the  engines  on  the  two 
railways  is  exhibited  in  column  6,  by  which  it  appears  that  the  mechanical 
effect  of  the  Harvey  Combe  and  B wry's  engine ,  was  greater,  from  an  equal  ex¬ 
penditure  of  power,  by  1 8  per  cent.,  than  that  obtained  from  the  engines  com¬ 
pared  with  them. 

Supposing  a  fact  of  this  nature  to  be  established  by  experiments  of  unex¬ 
ceptionable  authenticity,  the  question  arises  as  to  its  cause  or  causes,  a  question 
seriously  involving  the  interests  of  existing,  and  of  future  railways.  The 
enquirer,  after  satisfying  himself  that  the  engines  were  equally  well  constructed, 
and  the  power  equally  well  applied,  would  naturally  and  necessarily  be  led  to 
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examine  the  difference  in  the  gauges  of  the  rails,  and  in  the  weight  of  matter 
uselessly  put  in  motion  on  the  compared  railways  ;  an  increase  in  the  latter 
being  an  effect  consequent  to  the  adoption  of  a  wider  gauge,  and  the  width  of 
gauge  itself  influencing  the  resistance  to  progressive  motion.  I  have  given  in 
column  7  the  mean  weights  of  the  engines  and  tenders  under  comparison,  and 
in  column  8  the  widths  of  the  gauge  of  the  two  railways.  The  ratios  of  these  are 
also  given,  as  for  the  other  facts,  considering  the  Great  W estern  to  be  unity, 
and  the  comparison  shews  that,  with  a  gauge  34  per  cent,  less  in  width,  the 
two  London  and  Birmingham  engines  realized  an  equal  mechanical  effect  with 
18  per  cent,  less  consumption  of  power  :  it  is  also  seen  that  they  realized  27 
per  cent,  greater  useful  effect ;  and,  by  turning  to  column  7,  it  appears  that  they 
had  38  per  cent,  less  useless  load  to  drag,  on  that  portion  of  the  gross  load  com¬ 
posed  of  the  weight  of  engine  and  tender.  The  conclusion,  therefore,  would  be 
— on  the  supposition  that  no  doubt  existed  as  to  the  correctness  of  the  experi¬ 
ments,  and  that  they  were  sufficiently  numerous,  and  sufficiently  varied — that 
the  difference  in  effect  was  produced  by  the  conjoint  operation  of  the  width  of 
gauge,  and  increased  weight  of  useless  mass. 

Supposing  these  facts  to  be  indisputable,  or  to  be  granted  for  the  sake  of 
argument,  the  particular  values  due  to  the  increased  resistance,  and  increased 
useless  load,  as  separate  quantities,  are  discoverable  and  assignable.  Assuming, 
for  this  purpose,  the  highest  results  (those  obtained  on  the  London  and  Birming¬ 
ham)  to  be  unity,  it  appears  that  by  increasing  the  width  of  gauge  one  half,  or 
50  per  cent.,  the  weight  of  engines  and  tenders — or  the  useless  mass — is  in¬ 
creased  59  per  cent,  on  the  Great  Western.  The  acquisition  of  momentum,  or 
of  measureable  mechanical  effect,  would,  in  no  degree,  be  influenced  by  this 
change  of  weight  ;  but,  it  is  clear  that  some  cause  or  causes  operated  to 
diminish  this  effect,  for  column  6  shews  that  the  Great  Western  engines,  with 
an  equal  expenditure  of  power,  realized  16  per  cent,  less  momentum — or,  what 
is  the  same  thing,  had  to  overcome  16  per  cent,  greater  resistance — than  the 
engines  on  the  London  and  Birmingham,  at  equal  velocities.  Now,  it  appears 
by  Mr.  Wood’s  Report  that,  of  the  portion  of  the  two  railways  respectively 
traversed  by  the  engines,  the  Great  Western  approached  the  nearest  to  a  level ; 
and,  consequently,  that  the  additional  resistance  encountered  by  the  Great 
Western’s  engines,  must  spring  from  some  other,  and  some  very  influential 
source.  It  would,  therefore,  from  the  facts  before  us — and  on  the  assumption 
that  all  the  engines  compared  were,  mechanically  speaking,  equally  perfect _ 
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seem  to  be  a  fair  conclusion  that  a  width  of  gauge  increased  by  50  per  cent, 
over  another  width,  augments  resistance  to  progressive  motion  by  16  per  cent. ; 
and  that  by  reason  of  such  additional  resistance,  and  of  the  additional  useless 
load  caused  by  the  width  of  gauge,  the  commercial  or  useful  tractive  effect,  for 
equal  power,  is  diminished  by  22  per  cent. ;  a  conclusion  which  attributes 
1 6  per  cent,  as  loss  arising  from  increased  opposing  force,  and  6  per  cent,  as 
loss  arising  from  the  increased  useless  mass  of  matter  put  in  motion. 

Particular  instances  might  be  selected  which  would  exhibit  a  much  larger 
difference  than  the  foregoing  between  the  effects  of  engines  on  these  two  rail¬ 
ways  ;  as,  for  example,  Experiment  VI.  of  the  Molus ,  and  Experiment  II.  of 
the  Apollo ,  with  loads  and  at  velocities  nearly  identical,  and  giving  nearly 
similar  results,  compared  with  Experiment  II.  of  Burp's  engine  at  the  same 
speed,  viz.  29.8  miles  per  hour,  shew  an  advantage  in  favour  of  the  latter  of 
50  per  cent,  on  both  the  mechanical,  and  commercial  effects.  The  results  of 
Experiment  II.  on  the  Venus ,  compared  with  Experiment  III.  on  the  Harvey 
Combe  at  velocities  somewhat  greater  than  the  last  cited,  are  also  in  favour  of 
the  London  and  Birmingham  engine,  though  in  a  less  ratio,  being  1 0  per  cent, 
on  the  mechanical,  and  30  per  cent,  on  the  useful  effects.  These  instances  are 
adduced  simply  as  confirmatory  of  the  mean  in  Table  XV.,  though  single  com¬ 
parisons,  unsupported  by  repeated  trials  at  the  same  velocity,  are  not  to  be 
regarded,  as  indicative  of  the  degree  of  economy,  with  the  same  trust  as  an 
average  from  numerous  experiments. 

The  respective  economic  qualities  of  engines  are  clearly  shewn  by  the  last 
column  of  Table  XIII.  The  Neptune ,  Experiments  I.  and  II.,  exhibits  the 
acquisition  of  a  higher  sum  of  momentum,  with  equal  power,  at  23^  miles  per 
hour,  than  the  Lion  at  22-J.  The  Neptune ,  also,  exceeds  the  Premier  on  the 
mean  of  experiments  at  similar  velocities.  The  Vulcan  performed  considerably 
better  work  at  26.90,  than  the  Leeds  at  26.70  miles  per  hour;  the  jLolus  and 
Apollo  gave  equal  results  at  29.8  miles  per  hour;  the  Venus  exceeded  the 
TEolus  at  22.50  miles  per  hour,  &c. 

It  will  be  apparent  from  Table  XIV.  that  general  conclusions  cannot  be 
safely  drawn  from  the  effects  of  one  or  two  particular  engines.  It  might  be 
deduced  from  comparisons  on  the  North  Star  alone,  that  the  sum  of  resist¬ 
ance  increases  in  a  much  higher  ratio  than  that  of  the  squares  of  the  velocities  ; 
whilst  the  JEolus,  on  the  same  railway,  exhibits  the  resistance — as  do  most  of 
the  other  comparisons — as  augmenting  in  a  ratio  somewhat  less  than  that  of 
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the  direct  velocities.  These  indications  should  point  attention  to  the  mechanical 
structure  of  the  engines,  provided  the  enquirer  be  confident  of  the  accuracy  of 
his  data,  and  that  his  experiments  were  satisfactory  in  other  respects — such  as 
their  being  made  over  precisely  the  same  ground,  on  the  same  day,  and  as 
nearly  as  possible  at  the  same  time — experimental  conditions  absolutely  essen¬ 
tial  for  determining  the  relative  excellence  of  different  locomotive  engines. 
Supposing  these  conditions  to  have  been  observed,  and  the  recorded  results  to 
have  been  elicited,  it  might  be  inferred  that  the  action  of  the  North  Star  was 
somewhat  imperfect  at  the  time  of  trial — that  its  blast-pipe  was  too  contracted 
— or  that  some  other  imperfection  caused  the  consumption  of  power  to  be  un¬ 
duly  increased  at  the  higher  velocities.  Comparison  6  and  1  on  the  AZolus,  at 
velocities  very  little  varying  from  those  of  4  and  1  on  the  North  Star ,  shew  the 
former  engine  to  have  greatly  exceeded  the  latter  in  economy  of  power,  and  in 
the  production  of  useful  effect  with  equal  power. 

Other  comparisons  shew  the  North  Star  to  have  been  by  far  the  most 
powerful  engine  on  the  list — but,  in  most  cases,  prodigal  of  power.  Experi¬ 
ment  I.,  column  11,  Table  XIII.,  exhibits  this  engine  to  have  realized  an  abso¬ 
lute  mechanical  effect  of  more  than  double  that  by  JBurys  Engine ,  Experiment  I., 
at  nearly  similar  speeds  ;  but  column  1 2  shews  that,  for  equal  effect,  the  former 
consumed  the  most  power,  though  at  the  rather  lower  speed  of  the  two.  Again, 
the  North  Star,  (same  experiment,)  performed  nearly  four  times  the  work  of 
the  Atlas,  Experiment  III.,  at  equal  velocities,  and  in  this  instance,  with  less 
power  for  equal  mechanical  effect  *. 

Table  XV.  shews  the  mean  velocity  of  the  three  experiments  on  the  Harvey 
Combe,  and  the  three  experiments  on  Bury's  Engine  to  be  nearly  identical ;  the 
particular  speeds  of  each  trial  were  also  nearly  similar.  The  mean  of  the  three 
results  of  each,  (column  12,  Table  XIII.,)  shews  Bury's  Engine  to  have  pro¬ 
duced  10  per  cent,  greater  mechanical  effect  than  the  Harvey  Combe .  This 
may  be  called  a  small  difference,  but,  if  the  experiments  are  trustworthy,  that 
small  differential  effect  must  have  had  a  cause,  and  that  cause  is  traceable,  per¬ 
haps,  to  the  circumstance  of  the  Harvey  Combe  being  a  six- wheeled  coupled  en¬ 
gine,  whilst  the  other  had  four  wheels  uncoupled.  Apart  from  all  consideration 

*  Mr.  Robert  Stephenson’s  engine  may  have  been  equally  powerful  with  the  North  Star,  as, 
at  14  miles  per  hour,  it  dragged  so  heavy  a  load  as  to  justify  an  opinion  that  its  tractive  force 
would  equal  the  latter  at  18|  miles,  but,  for  reasons  given  before,  the  evaporative  data  are  not 
sufficiently  correct  to  permit  a  safe  deduction  for  consumption  of  power. 
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of  the  respective  advantage,  or  disadvantage  of  these  two  methods  of  con¬ 
struction  for  tractive  purposes,  it  is  important,  and  not  difficult  to  determine  the 
respective  consumption  of  po  wer  consequential  to  them. 

I  adduce  these  few  comparisons  to  exhibit  the  facility  and  certainty  with 
which  they  are  developed  by  this  method  of  investigation.  Another  instance 
of  the  delicacy  of  this  test  will  be  useful  to  shew  the  necessity  of  being  informed 
of  every  circumstance  which  may  influence  the  results  of  locomotive  experiments. 
By  referring  to  the  two  on  the  Soho,  and  comparing  the  momentum  generated 
by  1  lb.  of  steam  at  the  higher  velocity,  it  appears  that  this  engine  realized  a 
much  less  performance  than  any  other  on  the  list  at  the  same  speed ;  and,  on 
the  contrary,  that  its  performance  at  the  lower  velocity  greatly  exceeded  every 
other  at  that  speed.  Seeking  for  an  explanation  in  Mr.  Edward  Woods’s  detailed 
report  of  those  trials,  the  cause  is  distinctly  made  known.  He  notes,  at  the  higher 
velocity,  the  engine  then  travelling  from  Manchester  to  Liverpool,  “  weather 
very  wet,  a  strong  head  wind  from  the  westward and  on  its  trip  from  Liver¬ 
pool  to  Manchester,  same  (day,  with  a  luggage  train,  “weather  wet,  wind 
westerly,  but  not  so  strong  as  in  the  previous  experiment.”  In  the  one  case,  there¬ 
fore,  the  engine  was  materially  retarded,  and  in  the  other  assisted  by  the  wind. 
The  augmented  consumption  of  power  at  the  highest  velocity  to  produce  equal 
effects,  compared  with  other  experiments,  is  shewn  in  Table  XIV.,  for  the  velo¬ 
cities  being  as  1.40  to  1,  and  their  squares  as  1.97  to  1,  the  ratio  of  the 
momenta,  or  of  the  mechanical  performance  realized,  comes  out  as  2.72  to  1, 
being  an  inciease  in  the  expenditure  of  steam  at  the  highest  velocity  very  much 
greater  than  that  exhibited  by  any  of  the  other  comparisons  at  speeds  bearing  a 
similar  latio  to  each  othei.  The  fact,  also,  is  evidenced  by  the  result,  that  the 
engine  was  proportionally  more  retarded  at  the  highest,  than  assisted  by  the 
wind,  at  the  lowest  velocity  *. 

Phe  distui  bance  caused  by  the  wind  in  these  two  experiments  necessarily 
renders  them  unfit  to  be  used  for  the  general  deductions  exemplified  in  the  four 
Means ;  and  for  instituting  particular  comparisons  on  the  effects  of  engines,  we 
are,  hereby,  forcibly  warned,  of  the  necessity  of  using  those  results  only  which 
have  been  obtained  under  similar  circumstances.  It  is  possible  that  the  experi¬ 
ments  marked  erroneous  may  have  been  affected  by  weather,  and  that  the 

*  Part  of  the  load  was  taken  up  the  Whiston  Incline  by  a  bank  engine,  for  which  a  deduc¬ 
tion  is  made  in  computing  the  mean  momentum  at  the  lower  velocity. 
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reported  data  were  correct ;  but,  if  such  were  the  case,  they  are  equally  unfit 
for  comparison  with  engines  not  influenced  by  those  causes. 

This  method  of  investigation  discloses  experimental  defects,  as  well  as  errors 
of  fact.  Of  the  latter  some  instances  have  been  noted,  and  having  already,  in 
explaining  the  objects  of  Table  XIII.,  referred  to  the  anomalous  results  of  the 
Fury ,  we  have  only  to  turn  to  the  comparative  analysis  in  Table  XIV.  to  be 
convinced  of  their  inaccuracy,  for  we  there  find  a  less  resistance  to  have  been 
encountered  at  the  higher  of  the  two  velocities,  and,  consequently,  that  a  gain 
instead  of  loss  of  effect  resulted.  Similar  anomalies  would  be  manifested  by  , 
reducing  the  other  experiments  marked  erroneous  to  the  terms  of  Table  XIV., 
and  by  comparing  No.  II.,  on  the  North  Star ,  with  No.  III.;  also,  No.  V., 
with  No.  I\ . ;  No.  II.  of  the  ZEolus  with  No.  III.,  &c.;  but  one  example  was 
sufficient  for  exposing  this  class  of  errors. 

In  conducting  railway  experiments— properly  so  called — it  is  important  to 
trim  the  same  engine  and  tender  to  the  same  weight  in  each  trial,  as  any  change 
in  the  amount  of  such  weight,  which  is  useless  load,  materially  alters  the  pro¬ 
duct  of  useful  tractive  effect.  It  will  be  seen  by  comparing  Experiments  II.  and 
V.  on  the  North  Star ,  that  there  is  a  difference  in  the  weights  of  engine  and 
tender  of  no  less  than  3.33  tons ;  and  in  the  two  experiments  with  the  Lion 
of  3.43  tons.  There  is  a  notable  mistake  in  the  iEolus,  Experiment  IV.,  the 
difference  being  18.42  tons  between  the  gross  and  useful  loads,  instead  of  28.41 
tons,  the  weight  of  engine  and  tender,  according  to  Mr.  Wood,  (p.  17,  of  his 
Report).  Either  the  gross  or  useful  load,  therefore,  is  misstated,  and  that  experi¬ 
ment  ought  to  be  excluded  *. 

The  facts  practically  elicited  in  railway  traffic,  and  generally  well  appre¬ 
ciated  by  the  managers  of  railways,  are  the  best  possible  indices  of  the  economy 
resulting  from  so  accommodating  the  load  to  the  intended  velocity,  that  the  engine 
shall  exert,  at  all  times,  as  nearly  as  may  be,  its  maximum  force.  The  Tables 
present  so  few  experiments  with  the  same  engine  at  like  velocities,  with  unlike 
loads,  that  but  few  comparative  results  are  afforded  by  them,  but  this  view  is 
corroborated  by  the  Neptune,  Experiments  I.  and  II.,  at  23 J  miles  per  hour,  and 
is  visible  even  with  so  small  a  difference  between  the  useful  loads  as  5.65  tons ; 
and  to  a  proportionally  greater  degree  by  the  Lion,  in  which  two  trials,  at  ve¬ 
locities  nearly  identical,  the  loads  varied  in  weight  28.05  tons.  It  has  been 


*  This  is  probably  a  clerical  error,  but  was  not  discovered  till  after  the  Tables  were  printed. 
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before  observed  that  these  engines,  dynamically  considered,  produced  respectively 
an  equal  mechanical  effect,  with  equal  power,  in  the  two  cases ;  but,  the  useful 
effect,  (Table  XIII.,  column  8,)  was  smaller  in  each  case,  with  the  lighter  load, 
the  light  load  being  saddled  with  the  same  useless  weight  of  engine  and  tender 
as  the  heavier  one,  and  equal  momenta  having  to  be  generated  by  a  like  expen¬ 
diture  of  power,  to  realize  very  unlike  commercial  effects.  The  skilful  trimming 
of  loads  is,  therefore,  an  object  of  no  small  economical  consequence,  as  is  apparent 
on  the  great  scale  of  practice  by  comparing  the  cost  of  working  merchandize 
.  and  passenger  trains ;  and  it  is  still  more  evident  by  contrasting  the  locomotive 
expenses  on  well  filled  passenger  trains  on  some  railways,  with  the  precarious 
amount  of  passenger  traffic  on  others. 

Under  the  head  of  experimental  defects,  detected  by  this  method  of  ana¬ 
lysis,  may  be  classed  those  which  arise  out  of  referring  positive  facts  and 
data  to  imaginary  planes.  In  the  Leeds,  Experiment  I.,  the  engine  actually 
travelled  over  29^  miles,  at  a  mean  velocity  of  18.63  miles  per  hour,  which 
multiplied  into  the  mass  moved,  reduced  to  the  terms  of  column  11,  Table  XIII. 
shews  an  absolute  momentum  acquired  of  2606.60.  M.  de  Pambour  in  his  new 
data  for  the  same  engine,  using  the  same  experiment,  assumes  and  applies  for 
his  ideal  plane  a  velocity  of  20.34  miles  per  hour,  which,  with  the  same  mass, 
gives  a  momentum  of  2846.27*  He  corrects  the  consumption  of  water  by 
-j-th  for  waste,  making  its  consumption  0.840 lb.  per  second;  which  being  ap¬ 
plied  to  both  cases,  the  momentum  generated  by  1  lb.  of  steam  per  second  is  for 
the  1st,  or  real  case,  3103.09,  and  for  the  2d,  or  imaginary  one,  3388.41.  These 
sums  prove  the  insufficiency  of  the  method  of  reducing  the  real  facts  to  the  case  of 
an  ideal  dead  level ;  for,  it  is  impossible  that  the  same  load  should  be  moved  at  a 
greater  velocity  and  realize  a  greater  mechanical  effect,  than  at  a  lower  speed 
with  equal  power.  It  is  to  be  observed  too,  that  M.  de  Pambour  originally 
considered  the  29^  miles  as  a  level,  in  consequence  of  the  help  given  up  the  in¬ 
cline  by  the  bank  engine;  so  that  two  different  levels,  giving  necessarily 
different  velocities,  have  been  used  by  him  for  the  same  case ;  nor  does  the  ad¬ 
ditional  correction  for  water  referred  to  before,  (p.  101  of  this  paper,)  set  his 
new  data  to  rights  for  the  newly  assumed  level. 

The  same  observations  apply  to  the  two  cases  of  the  Hecla,  but  from  the 
care  taken  to  ascertain,  and  apportion  the  consumption  of  water  as  steam  in 
those  cases,  the  error  is  not  so  great  as  in  M.  de  Pambour’s ;  still  it  is  consider¬ 
able,  for  the  mechanical  effects  produced  with  equal  power  at  the  two  velocities 
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are  equal :  but,  we  know  that  such  a  result  must  be  inaccurate,  and  it  arises 
from  not  applying  a  correction  for  the  increased  resistance  encountered  at  a 
higher  velocity,  in  the  reduction  of  the  acclivities  and  declivities  to  an  imaginary 
level.  The  assumed  dead  level,  as  referred  to  time,  may  be  theoretically  correct, 
but  it  is  clearly  erroneous  to  superinduce  that  the  same  load  could  be  moved 
over  the  same  space  in  the  shorter  time,  by  the  same  expenditure  of  power 
actually  required  in  the  longer  time  ;  for,  it  is  tantamount  to  saying  that  no 
additional  resistance  is  opposed  to  an  engine  at  high  than  at  low  velocities. 
The  value  of  a  theoretical  rule  is  its  sure,  useful  application  to,  and  agreement 
with  practical  facts,  an  accordance  which  cannot  obtain  between  the  theoretical 
and  practical  results  of  the  working  of  an  ideal  and  actual  railway,  un¬ 
less  all  the  circumstances  which  affect  the  latter  be  taken  into  account.  It  ap¬ 
pears  from  the  experiments  digested  in  these  Tables  that  the  sum  total  of 
resistance  opposed  to  the  steam,  increases  in  about  the  ratio  of  the  velocity  of  the 
engine.  Should  that  fact  be  substantiated  by  subsequent,  and  more  careful 
experiments-— or  whatever  its  amount  may  prove  to  be— it  must  be  applied  to 
the  reduction  of  levels,  or  theory  will  not  accord  with  practice. 

The  ascertainment  of  the  ratio  which  the  sum  total  of  resistance  opposed  to 
the  steam,  at  different  velocities  of  an  engine  and  train,  bears  to  the  ratio  of 
those  velocities — and  whether  such  ratio  be  uniform,  or  variable,  for  similar  dif¬ 
ferences  at  all  comparative  velocities — are  problems  which  can  only  be  solved  by 
practical  experiments  on  the  power  expended  in  the  production  of  given  effects. 
Hitherto,  no  measure  of  djmamic  effect,  appropriate  to  the  characteristics  of 
locomotive  performance  has  been  discovered,  or  proposed,  to  which  the  expen¬ 
diture  of  power,  or  efficiency  of  the  steam,  could  be  referred,  as  decisive  of 
the  relative  perfection  of  engines,  or  of  the  relatively  constructive  perfection 
of  railways.  It  has  escaped  notice  that  the  momentum  generated  by  the 
power  of  a  locomotive  is  the  characteristic  quality  of  its  functions ;  and  that 
it  comprises  all  the  mechanical  effect  of  which  any  account  can  be  taken,  or 
from  which  any  practical  useful  result  can  be  drawn. 

The  economic  properties  of  one  engine  are  strictly  comparable  with  those  of 
another,  by  ascertaining  the  momentum  which  each  can  generate  with  equal 
power,  at  equal  velocities.  Upon  this  faculty  of  the  engine  depends  the  amount 
of  useful  tractive  effect  which  can  finally  be  realized. 

That  engine  which,  with  the  least  power,  generates  the  greatest  momentum 
at  a  given  speed,  is  evidently  more  economical  of  steam  than  another  engine 
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producing  a  less  momentum.  It  is  the  better  engine,  and  all  things  being  the 
same,  it  would  drag  a  greateir  useful  load  with  the  same  power,  or  attain  a 
higher  velocity  with  the  same  load. 

The  determination  of  the  performance  of  locomotive  engines  by  this  method, 
is  rendered  as  practicable,  as  excact,  and  as  demonstrative  of  their  relative  powers 
and  dynamic  excellence,  as  tlhe  determination  of  the  duty  done  by  pumping 
engines ;  and  the  phrase  momentum  possesses  the  advantage,  in  common  with 
the  term  duty,  of  being  a  true  expression  of  a  practical  effect.  The  amount  of 
momentum  is  derived  from  thie  mass,  and  from  the  velocity  given  to  it,  two 
facts  which  are  more  easily  appreciated,  and  liable  to  less  error  than  the  mea¬ 
suring  of  pumps,  lifts,  &c.,  ntecessary  for  ascertaining  the  duty  of  pumping 
engines.  The  water  consumed!  as  steam  being  contained  in  vessels  whose  capa¬ 
city  is  readily  measurable,  no>  difficulty  exists  in  ascertaining  the  expenditure 
of  power  ;  and  the  computations  for  reducing,  and  comparing  the  results  are  of 
the  simplest  kind. 

Though  the  work  done  bjy  a  locomotive  may  be  reduced  to  the  terms  and 
expression  of  horses ’  power,  that  expression  is,  itself,  a  fallacy  ;  and,  until  some 
instrumental  means  of  accurately  detecting  the  pressure  within  the  cylinder,  and 
on  both  sides  of  the  piston,  be  made  applicable  to  this  engine,  the  determination 
of  horses’  power  must  rest  on  wague  data  obtained  from  without  the  cylinder,  and 
can  only  be  based  on  estimattions  of  resistance  which  vary  with  every  load, 
with  every  velocity,  and  whiich  cannot  be  submitted  to  any  positive  test  of 
truth. 

Effects  of  a  like  nature  c<*an  be  obtained  on  all  railways,  and,  with  proper 
precautions  in  the  conduct  of  tthe  experiments,  results  of  indisputable  exactitude 
would  be  obtained,  which  couild  not  fail  to  exhibit  the  precise,  and  comparative 
state  of  excellence  of  the  engiines  and  vehicles ;  for,  not  only  the  scientific  ef¬ 
fects  but  the  commercial  results,  dependent  on  the  constructive  perfection  of 
engines  and  vehicles  used  on  railways,  are  reducible  to  a  common  standard  of 
comparison  by  this  method. 

The  resistance,  (inclusive  of  friction,)  opposed  to  the  progress  of  one  engine 
and  tender  is  measurable,  in  rrespect  of  another  engine,  by  the  power  relatively 
consumed  at  equal  velocities.  In  like  manner,  the  special  resistance  of  the  load 
is  ascertainable,  and  as  that  resistance  arises,  in  great  measure,  out  of  the  form, 
dimensions,  and  weights  of  tlhe  vehicles  employed,  and,  as  the  final  commercial 
results, _ it  may  be  said,  evem,  the  commercial  prosperity— of  railways  depend, 
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in  great  measure,  on  the  adaptation  of  the  vehicles  to  the  transport  of  the 
greatest  number  of  passengers,  or  of  the  greatest  weight  of  merchandise,  for 
the  least  weight  and  bulk  of  matter  set  in  motion,  the  importance  of  an  exact 
method  of  comparing  these  respective  qualities  will  be  apparent ;  for,  the  forms 
and  other  properties  of  the  vehicles  on  one  railway,  can  be  assimilated  to  those 
on  another  which  may  be  proved  to  offer  the  least  resistance  to  the  motive 
power. 

In  the  last  three  Tables  referred  to  I  have  disregarded  any  comparisons 
of  effect  by  the  consumption  of  coke.  No  measure  of  power  is  derivable  from 
the  weight  of  fuel  burnt,  its  effect  having  reference  solely  to  its  calorific  strength, 
and  to  the  qualities  of  the  boiler.  It  is  important  to  know  the  efficiency  of  the 
combustible,  but  the  efficiency  of  the  steam  can  alone  determine  the  qualities  of 
an  engine.  If  the  coke  consumed  by  the  engines  of  the  Great  Western,  and 
London  and  Birmingham  railways  in  Table  XV.,  had  been  made  the  measure 
of  effect,  the  results  would  have  been  8  per  cent,  less  in  favour  of  the  latter,  as 
the  coke  consumed  was  in  the  ratio  of  1  to  0.72,  and  the  water  as  steam  as  1 
to  0.64,  the  Great  Western  being  unity ;  but  on  a  comparison  between  all  the 
engines  in  the  Tables,  even  50  per  cent,  would  not  cover  the  difference  in  their 
evaporative  results. 


VOL.  III. — PART  II. 


u 


142 


MR.  PARKES  ON 


Table  XV. 


MEAN  PRACTICAL  RESULTS  OF  SIX  EXPERIMENTS  ON  THE  GREAT  WESTERN 
AND  SIX  EXPERIMENTS  ON  THE  LONDON  AND  BIRMINGHAM  RAILWAYS, 

AT  EQUAL  VELOCITIES. 


' 

Velocity  per 

hour. 

T3 

O 

O 

O 

Gross  load  moved 

by  equal  power, 

at  the  velocity. 

Useful  load. 

Useful  load 

moved  by  equal 

power,  at  the 

velocity. 

Momentum  ge¬ 

nerated  by  equal 
power,  per  se¬ 

cond. 

1 

Weight  of  en¬ 

gines  and  tenders. 

Width  of  gauge,  i 

Tons  by  1  cu- 

Tons  by  1  eu- 

Tons. 

bic  ft.  water. 

Tons. 

bic  ft.  water. 

Mass  x  veloc. 

Tons. 

GREAT  WESTERN. 

27.02 

89.11 

0.677 

62.33 

0.4735 

1545 

26.78 

7  00 

LONDON  AND  BIRMINGHAM  . . . . 

26.90 

67.79 

0.801 

51.00 

0.6028 

1821  ' 

16.79 

4  8 

Ratio. 

Ratio. 

Ratio. 

Ratio. 

Ratio. 

Ratio. 

Ratio. 

GREAT  WESTERN . 

1.000 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

LONDON  AND  BIRMINGHAM. . .  . 

0.995 

0.76 

1.18 

0.81 

1.27 

1.18 

0.62 

0.66 

i 

, 

3 

4 

5 

6 

7 

8 

ENGINES  AND  VELOCITIES  COMPARED, 


GREAT  WESTERN. 

- Table  XIII. 

North  Star . . .  Experiment  I. 

Do . . . . . .  IV. 

Miles  per 
hour. 

18,63 

31.52 

29.77 

LONDON  AND  BIRMINGHAM. 

- Table  XIII. 

Bury’s  Engine  .  Experiment  I. 

Dn  TTT 

[ 

Miles  per 
hour. 

19.42 

31.29 

29.82 

Neptune  . . .  jtj 

Bn.  ....  T I 

Mean  . 

26.64 

26.84 

Lion .  j 

22.28 

29.80 

30.16 

21.85 

28.53 

30.51 

Apollo . . .  jj 

Dn  TT 

Venus .  jj 

Dn .  TTT 

. 

Mean  . 

27.41 

26.96 

Do.  of  the  six  Experiments  . 

Do.  of  the  six  Experiments  . 

27.02 

26.90 

XIII. 
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3 

0.76 

15.53 

20.95 

LEEDS. 

f  ss 

Oo 

iioo 

IS 

£ 

3 

38.75 

57.52 

64.93 

FURY. 

f  ss 

« 

£ 

S 

£ 

£ 

“00 

iToo 

MS* 

LEEDS.  New  Dale . 

f  ss 

rioo 

£ 

£ 

£ 

3i-G7 

52.24 

63.47 

STEPHENSON’S  ENGINE. 
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£ 

s 

£ 

£ 

£ 

55.20 

81.80 

87.93 

I 

I 

NORTH  STA, 
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m 

rS 

tS 

£ 

s 

S 
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£ 

£ 

£ 
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65.94 

53.75 

49.12 

83.58 

72.68 

93.17 
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JEOLUS. 
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£ 
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3 

3 

iioo 
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50.32 

33.07 

24.39 

1.20 

60.00 

51.79 

43.22 

81.36 

73.37 

.  60.82 

49.06 

27.41 

VENUS. 

SS 

IS 

I 
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£ 

£ 

TiTo 
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34.18 

45.71 

NEPTUNE. 

IS 
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S 

IS 
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£ 

IS 

£ 

rS 

£ 
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£ 

IS 

£ 

m 

m 

£ 

IS 

iiS 
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25.75 

15.83 

57.30 

86.50 

70.91 

51.21 

PREMIER. 

ss 

22T37 

£ 

£ 

TT5 

ii£ 

IS 

IS 

iioo 

3 

iiS 

20.20 

42.42 

72.34 

LION. 

s 

m 

Too 

tS 

£ 

3 

0.2! 

2.03 

13.00 

LONDON  AND  BIRMINGHAM.  | 

HARVEY  COMBE. 

I 

1 

2 

2 

1 

1-72 

L37 

31.77 

51.99 

42.03 

15.70 

59.83 

44.85 

27.17 

BURY’S  ENGINE. 
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OF  THE  BLAST,  AND  THE  RESISTANCE  OCCASIONED  BY  IT. 

The  intensity  of  the  pressure  subsisting  on  the  opposite  side  of  the  piston 
from  the  blast  has  been  but  imperfectly  illustrated  by  writers  on  the  locomotive 
engine.  The  discharge  of  the  steam  has  been  likened  to  a  jet,  and  that  jet 
considered  as  continuous,  which  involves  a  contradiction,  or,  at  best,  a  confusion 
of  terms.  By  the  passages  subjoined  it  is  clearly  M.  de  Pambour’s  opinion 
that  the  evacuation  of  a  cylinder  full  of  steam  has  a  duration  equal  to  that  of  a 
single  stroke  of  the  piston ;  for,  to  an  engine  having  a  blast-pipe  orifice  J-th  of 
the  aiea  of  both  cylindeis,  he  assigns  the  velocity  at  which  the  steam  escapes 
to  be  38  times  greater  than  that  of  the  pistons.  We  have  here  an  erroneous 
observation  of  the  phenomena  of  the  blast,  and  an  erroneous  determination  of  its 
velocity  *. 

Eveiy  observer  can  appreciate  by  his  ear  that  an  interval  exists  between 
the  alternate  discharges  of  steam  from  the  two  cylinders.  The  interval  between 
three  discharges  marks  the  time  which  elapses  between  two  successive  dis¬ 
charges  from  the  same  cylinder ;  thus,  the  period  between  two  discharges,  from 
the  same  cylinder,  comprises  the  time  of  one  discharge,  and  of  two  pauses. 
The  velocity  of  escape  is,  therefore,  as  much  swifter  than  that  assigned  to  it  by 
the  author,  as  the  difference  between  the  duration  of  a  single  jet,  and  the  period 
intervening  between  the  cessation  of  one,  and  the  commencement  of  another 
jet  fiom  the  same  cylinder.  That  these  jets  are  periodic,  and  not  continuous,  is 
distinctly  evidenced  by  the  audible  pulsations  in  the  chimney,  even  at  the  very 

“  W  ith  an  orifice  9,\  inches  in  diameter,  or  5  square  inches  area,  and  cylinders  of  1 1  inches 
diameter,  or  190  square  inches  total  area  ;  that  is  to  say,  with  an  orifice  which  is  only  J_th  of 
the  area  of  the  cylinders,  we  see,  that  in  order  that  all  the  steam  may  get  out  by  that  passlge,  its 
speed  in  passing  through  the  orifice  must  be  38  times  as  great  as  it  was  in  the  cylinder. 

“  The  velocity  of  the  jet  formed  in  the  chimney  will  then  be,  for  the  dimension  we  consider, 
equal  to  38  times  the  velocity  of  the  piston,  or  in  other  words,  equal  to  6|  times  the  speed  of  the 
engine,  the  latter  speed  being  nearly  six  times  as  great  as  that  of  the  piston. 

“  Thus  the  Power  of  this  additional  means  will  be  greater  in  proportion  as  the  velocity  of 
the  engine  itself  will  be  more  considerable,”  &c.,— “  and  as  that  velocity  cannot  be  produced 
merely  by  the  tendency  of  the  steam  to  escape  into  the  atmosphere,  a  part  of  the  power  of  the 
engine  itself  must  necessarily  in  those  great  speeds,  be  spent  in  expulsing  the  steam  ;  that  is  to 
saj,  in  blowing  the  fire  in  the  fire  place,”  &c. — ( Treatise  on  Locomotives,  page  247.) 

U  2 


144 


MR.  PARIvES  ON 


highest  velocities  of  an  engine,  and  their  duration  may  be  measured  at  the  lower 
speeds.  Now,  supposing — what  is,  probably,  the  fact — that,  at  some  certain 
velocity  of  the  piston,  the  duration  of  one  complete  evacuation,  or  cylinder  full, 
corresponds  with  the  period  of  the  interval  elapsing  between  it  and  the  next 
discharge  from  the  same  cylinder,  it  is  evident  that  the  velocity  of  the  jet,  in 
that  case,  would  be  exactly  twice  as  great  as  the  velocity  assigned  to  it  by 
M.  de  Pambour’s  theory. 

It  is  important  to  have  a  clear  perception  of  the  intermittent  action  of  the 
blast ;  for,  upon  that  action  depend,  in  great  measure,  the  resulting  pressure 
against  the  piston,  and  the  production  of  a  sufficient  current  of  air  through  the 
fire,  both  which  effects  would  be  materially  changed  in  intensity,  by  the  sub¬ 
stitution  of  a  continuous  for  a  periodic  current. 

On  opening  the  eduction  valve  the  compressed  steam  in  the  cylinder  exerts, 
for  an  instant,  its  maximum  pressure  against  the  piston,  but,  by  virtue  of  its 
elastic  force  it  expands  with  immense  rapidity,  and  quits  the  cylinder  at  a  velo¬ 
city  as  much  greater  than  that  of  the  motion  of  the  piston,  as  would  be  expressed 
by  multiplying  the  difference  between  the  areas  of  the  cylinder,  and  of  the 
blast-pipe  orifice,  into  the  difference  between  the  time  occupied  in  the  escape  of 
the  steam,  and  the  duration  of  a  stroke  of  the  piston.  Assuming,  for  an  ex¬ 
ample,  that  a  single  discharge  is  effected  in  ^th  of  the  time  of  a  single  stroke,  the 
velocity  of  the  jet  into  the  chimney  would  be  19  x  4  (for  the  dimension  of  cy¬ 
linder  and  blast  orifice  cited  by  M.  de  Pambour,)  or  76  times  as  great  as  the  ve¬ 
locity  of  the  piston,  but  the  true  ratio  between  them  cannot  be  known,  until 
the  exact  duration  of  a  jet  be  determined  for  diffeient  speeds  of  the  piston,  and 
for  different  acting  pressures  of  steam.  It  will  be  observed  that  the  velocity  of 
the  jet  is  here  considered  as  that  from  a  single  cylinder,  not  from  both  cylinders 
as  by  M.  de  Pambour.  Half  the  steam  ejected  from  the  cylinders  on  the  above 
supposition  of  the  periods  of  blast  and  of  pause,  gives  twice  the  speed  assigned 
by  the  author,  and  as  the  jets  from  the  two  cylinders  alternate,  the  real  velocity 
of  the  blast  must  be  calculated  on  that  from  a  single  cylinder. 

Although  experiments  are  requisite  for  determining  the  precise  duration  of 
the  jet,  or  the  time  occupied  by  the  steam  in  evacuating  the  cylinder,  its  period 

is  ascertainable  within  a  definite  limit. 

The  ear  and  the  eye  distinguish  the  lapse  of  a  sensible  interval  of  time  be¬ 
tween  every  two  discharges,  and  these  discharges  proceed  from  two  cylinders. 
The  two  engines — for  the  locomotive  carries  two — are  so  combined  that  a  dis- 
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charge  from  the  one  commences  at  the  half  stroke  of  the  piston  of  the  other,  or 
at  periods  definitively  marked  by  spaces  of  90  degrees  on  the  revolution  of  the 
crank  shaft,  during  which,  four  complete  blasts  occur.  The  consequence  is  that 
we  know  a  single  discharge  to  be  completed  within  the  time  occupied  by  the 
piston  in  accomplishing  a  half  stroke,  or  before  the  piston  has  traversed  half  the 
length  of  the  cylinder ;  yet,  the  discharges  are  audibly  distinct,  and  the  pause 
between  one  discharge  and  its  successor  is  perceptible.  This  pause  may 
equal,  or  it  may  be  longer  or  shorter  than  the  duration  of  the  jet,  but  we  see 
that  a  single  blast  cannot  occupy  the  fourth  part  of  the  time  of  the  revolution 
of  the  crank  shaft,  and  that,  very  probably,  it  does  not  exceed  the  eighth  part, 
or  the  period  of  a  quarter  stroke  of  the  piston.  It  must  be  also  borne  in  mind 
that  the  same  principle  holds  good  at  all  velocities  of  the  engine. 

Under  no  circumstances,  therefore,  does  the  pressure  from  the  blast  oppose 
the  piston  much  longer  than  during  the  fourth  portion  of  its  course  ;  its  intensity 
is  at  a  maximum  at  the  instant  of  the  commencement  of  a  return  stroke,  at 
which  time  the  piston  is  at  its  slowest  speed ;  and  its  minimum  occurs  at  the 
instant  of  the  completion  of  the  discharge :  the  mean  of  these  two  pressures — 
which  cannot  exceed  the  half  of  that  of  the  active  steam — operates,  therefore, 
as  a  retarding  force  during  a  period  of  less  than  that  of  the  half  stroke ;  and,  pro¬ 
bably,  it  never  exceeds  in  pressure  the  fourth  of  the  intensity  of  the  active 
steam,  reckoned  upon  the  whole  stroke,  with  the  usual  dimensions  of  the  blast- 
pipe  orifice.  Upon  this  supposition,  and  with  an  active  pressure  of  30  lbs.  per 
square  inch,  the  mean  resistance  from  the  blast  would  not  be  greater  than 
7-J  lbs. ;  and,  with  half  that  active  pressure,  or  1 5  lbs.,  it  would  not  exceed 
3f  lbs.  per  square  inch  against  the  pistons. 

Before  proceeding  to  cite  some  observations  and  experiments  which  will  tend 
to  corroborate  this  argument,  I  may  conclude  the  remarks  upon  the  nature  of 
the  blast  in  urging  the  fire,  the  process  for  which  alone  it  is  intended.  The 
evacuation  of  the  contents  of  the  chimney,  by  the  periodic  blasts  of  steam 
through  it,  effects  this  object ;  a  continuous  discharge  of  steam  into  the  chimney 
would  defeat  it,  as  the  chimney  could  not  be  occupied  by  steam,  and  by  the 
products  of  combustion  at  the  same  time.  A  succession  of  discharges,  and  a 
succession  of  intervals,  are,  therefore,  essential  to  the  success  of  the  process,  for, 
from  the  expansive  and  condensible  nature  of  steam,  a  temporary  and  partial 
vacuum  is  formed  in  the  chimney  on  the  cessation  of  a  discharge,  which  is  al¬ 
most  instantaneously  replenished  by  the  pressure  of  the  air  into  the  fire,  and 
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through  the  boiler ;  another  discharge  takes  place,  the  chimney  is  again  eva¬ 
cuated  of  its  contents,  and  so  on.  Thus,  the  jets  of  air  into  the  fire  alternate 
with  the  jets  of  steam  into  the  chimney. 

It  is  practically  found  that,  at  high  velocities  of  the  engine,  evaporation  is 
accelerated ;  consequently  the  fire  is  urged  to  more  intense  action,  and  the  com¬ 
bustion  of  the  fuel  is  more  rapid  in  a  given  time.  This  result  is  the  natural 
effect  of  velocity  in  the  engine  ;  for,  the  number  of  discharges  of  steam  into  the 
chimney  is  proportional  to  the  speed  of  the  piston ;  the  number,  therefore,  of 
jets  of  air  into  the  fire  is  augmented  in  like  proportion :  perhaps,  also,  the  dura¬ 
tion  of  the  jet  into  the  fire  is  longer,  with  respect  to  that  of  the  jet  of  steam 
into  the  chimney,  at  high  than  at  low  velocities ;  for,  though  a  cylinder  full,  or 
an  equal  measure,  composes  the  volume  of  the  jet  of  steam  at  all  velocities,  its 
density  varies  with  the  speed  of  the  engine,  (under  the  ordinary  circumstances 
of  railway  traffic,)  and  the  rate  of  expansion,  or  relative  duration  of  a  discharge 
may  be  influenced  by  it.  The  less  dense  steam  may,  therefore,  occupy  less 
time  in  escaping  from  the  cylinder,  than  the  more  dense  steam.  Supposing 
such  to  be  the  case,  the  frequency  of  the  discharges  would  not  only  be  increased 
in  the  ratio  of  the  velocity  of  the  piston,  but  the  interval  between  the  dis¬ 
charges,  or  the  time  given  for  air  to  enter  the  fire,  would  be  also  increased ; 
whence,  the  increased  evaporative  power  of  the  boiler. 

It  is  the  frequency  of  the  jets  into  the  chimney  which  enables  a  locomotive 
boiler  to  vaporize  as  much  water  in  a  given  time  at  a  high,  as  at  a  low  velo¬ 
city  ;  but,  in  order  that  it  should  vaporize  more  water  in  equal  times,  some 
additional  cause  seems  to  be  required,  for  more  air  must  be  admitted  to  the  fire, 
inasmuch  as  the  combustion  of  the  fuel  must  be  swifter.  We  must,  therefore, 
suppose  either  the  vacuum  left  in  the  chimney  at  the  higher  velocity  to  be  some¬ 
what  greater  than  at  a  lower  speed,  or  the  discharge  to  be  more  swiftly  effected, 
so  as  to  increase  the  relative  length  of  the  intervals  between  the  discharges. 
The  fact  that  an  equal  evaporation  can  be  maintained  at  high,  as  at  low  speeds, 
shews  the  jet  of  lower  steam  to  be  equally  as  effective  as  the  jet  of- higher 
steam  ;  and  this  fact  is  consistent  with  the  office  of  the  jet,  which  being  little 
more  than  that  of  emptying  the  chimney  of  its  contents,  a  cylinder  full  of 
steam  at  15  lbs.,  or  much  less  pressure,  would  be  as  efficient  as  the  same 
measure  at  50  lbs.  per  square  inch. 

The  engine  under  my  charge  (previously  referred  to  p.  78,  and  upon 
the  boiler  of  which,  described  p.  71?  the  experiments  were  made  on  the 
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constituent  heat  of  steam)  furnished  a  favourable  opportunity  for  investigat¬ 
ing  the  effect  of  the  blast  in  increasing  resistance.  The  cylinders  were  10  inches 
diameter,  stroke  24  inches,  velocity  of  piston  240  feet,  or  60  double  strokes  per 
minute.  The  cylinders  being  fixed  horizontally  on  each  side  of  the  fire-box  of 
the  boiler,  and  the  blast-pipes  joined  to  their  under  sides,  the  latter  were  not  less 
than  10  feet  long  from  their  junction  with  the  cylinders  to  their  termination  in 
the  chimney.  These  pipes  united  at  the  smoke  box,  were  3  inches  diameter, 
and  the  blast  orifice  was  2\  inches.  A  fly  wheel  7  feet  diameter,  weighing 
14  cwt.,  and  having  65  revolutions  per  minute,  was  driven  by  the  crank  shaft, 
the  movement  of  the  machine  which  carried  the  engines,  and  to  which  they 
gave  locomotion,  being  too  slow  (viz.,  5  feet  per  minute)  to  enable  the  cranks 
to  pass  the  centres  smoothly  without  additional  momentum. 

I  was  able  to  assign  certain  loads  to  the  engines  which,  at  the  above  velocity, 
severally  required  1-|,  4,  8,  15  and  20  lbs.  pressure  per  square  inch  on  the 
pistons  to  overcome  them.  The  friction  of  the  engines,  unloaded,  was  balanced 
by  1^  lb.  of  steam  ;  they  stopped  with  1  lb.  This,  like  all  the  other  piston  pres¬ 
sures  here  spoken  of,  is  to  be  considered  as  denoted  by  that  in  the  boiler,  main¬ 
tained,  on  experimental  occasions,  at  the  degree  which  would  just  balance  the 
load,  at  the  common  velocity  of  60  strokes  per  minute.  It  is  probable,  at  this 
moderate  speed  of  the  pistons,  that  the  elasticity  of  the  steam  in  the  cylinders 
coincided  very  nearly  with  that  in  the  boiler.  It  has  been  before  stated  that 
a  thermometric  steam-gauge  was  attached  to  the  boiler,  which  gave  sure  indi¬ 
cations  of  the  pressure  within  it. 

The  immediate  cause  of  my  entering  on  these  experiments  is  worth  men¬ 
tioning.  I  one  day  observed  the  mechanic  in  care  of  the  machine,  whilst  pre¬ 
paring  for  work,  opening  and  shutting  the  grease  cocks  of  a  cylinder,  and  giving 
oil  to  the  piston.  The  engines  were  then  working  without  load,  and  it  was 
evident  that  a  small  vacuum  existed,  after  the  blast,  or  the  oil  would  have  been 
blown  back  instead  of  entering  the  cylinder.  This  fact,  the  possibility  of  which 
had  not  before  struck  me,  induced  me  forthwith  to  order  another  gauge  from 
Mr.  Adie,  which  was  fixed  on  one  of  the  blast-pipes,  in  a  convenient  place  for 
constant  observation,  about  2\  feet  from  its  junction  with  the  cylinder,  the  bulb 
being  exposed  to  the  full  current  of  the  escaping  steam.  This  instrument  de¬ 
tected  the  fact  of  a  vacuum  by  marking,  usually,  a  temperature  of  from  208°  to 
210°,  or  about  1  lb.  per  square  inch  below  the  atmospheric  pressure,  the  active 
steam  on  the  piston  being  1^  lb.  above  it.  When  the  engine  was  driven  at 
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double  velocity,  or  at  120  revolutions  per  minute,  at  which  speed  it  required 
about  3^  lbs.  of  steam,  the  thermometer  rose  to  211°,  and  when  locomotion  was 
given  to  the  machine  at  the  usual  velocity  of  60  revolutions  of  the  crank  shaft, 
and  requiring  4  lbs.  in  the  boiler,  the  blast  thermometer  stood  at  212°,  exhibit¬ 
ing  a  pressure  equal  to  the  atmosphere  only.  At  8  lbs.  on  the  piston,  a 
counter  pressure  of  about  2  lbs.  was  exhibited,  at  1 5  lbs.,  about  4  lbs.,  and  at 
20  lbs.  the  blast  thermometer  indicated  6  lbs.,  beyond  which  point  I  was  unable 
to  load  the  engines. 

At  all  these  pressures  a  phenomenon  was  visible  which  was  to  be  expected, 
viz.,  small  and  continual  oscillations  of  the  mercury  in  the  thermometer,  for  it  is 
clear  that,  at  the  rapidity  with  which  the  discharges  succeed  each  other,  suf¬ 
ficient  time  is  not  allowed  for  the  mercury  to  assume  either  the  maximum  or 
minimum  degree  of  temperature  of  any  one  blast.  Nothing  could  be  gathered 
from  a  syphon  gauge  applied  to  the  pipe  at  the  same  point  with  the  thermometei, 
as  the  mercury  was  kept  in  a  state  of  incessant  and  violent  oscillation.  I  may 
also  notice  another  fact  well  known  before,  but  well  shewn  by  the  blast  thermo¬ 
meter,  viz.,  that,  at  whatever  pressure  the  steam  existed  in  the  boiler,  the  blast- 
thermometer  always  marked  the  same  degree  for  the  same  load  and  velocity, 
proving  thereby  that  steam  invariably  assumes  in  the  cylinder  of  an  engine  the 
pressure  due  to  the  load.  Under  all  the  loads  cited  I  have  woiked  the  engines 
at  their  regular  velocity,  with  steam  in  the  boiler  from  50  lbs.  downwards,  and 
the  blast  thermometer  always  gave  the  same  indications  as  when  the  steam  in 
the  boiler  was  only  of  just  sufficient  force  to  overcome  the  load.  I  have  also 
repeatedly  worked  the  engines  alone,  and  under  each  of  the  above  loads,  with 
greatly  varying  velocities,  and  the,  blast  thermometer  instantly  rose  with  an 
increase  of  pressure  in  the  cylinders,  and  as  instantly  fell  by  partially  closing 
the  regulator,  thereby  reducing  the  pressure,  and  with  it  the  velocity  of  the 
pistons.  It  is,  thus,  manifest  that  the  counter  resistance  from  the  blast  aug¬ 
ments  and  diminishes  with  the  pressure  on  the  pistons,  and  that  it  is  independ¬ 
ent  of  the  velocity  of  the  piston  ;  for,  in  all  these  observations  it  only  rose  with 
the  velocity,  when  the  pressure  was  also  increased. 

It  has  been  assumed  by  M.  de  Pambour,  Mr.  Wood,  and  Mr.  Robert 
Stephenson,  it  is  also,  I  believe,  a  generally  received  doctrine,  that  the  pressure 
from  the  blast  increases  with  the  velocity  of  the  railway  locomotive ;  the 
active  pressure  on  the  piston  being  presumed  to  be  less  at  high,  than  at  low 
speeds.  No  experiments  are  stated  by  any  one  of  these  authors  to  justify  their 
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hypothesis ;  and  an  inference,  as  to  blast  pressure,  founded  on  the  increased 
evaporative  power  of  the  boiler  at  the  higher  velocities  of  the  engine,  cannot 
be  admitted  as  consequent ;  for,  increased  evaporation  simply  denotes  an  effect 
arising  from  more  frequent  discharges  into  the  chimney,  an  effect  which  proves 
nothing  as  to  pressure  against  the  piston.  The  fact  of  a  greater  resistance  ac¬ 
companying  the  discharge  of  low,  than  of  high  steam,  cannot  be  admitted 
without  proof  obtained  from  demonstrative  experiments ;  for,  it  seems  to  be 
contrary  to  the  nature  of  steam,  and  is  unsupported  by  a  single  argument,  or  a 
single  experiment. 

The  “some  hundreds  of  experiments”  referred  to  by  M.  de  Pambour,  (pp. 
90  and  91,  New  Theory  of  the  Steam  Engine ,)  and  which  he  says,  “will  be 
found  related  in  the  second  edition  of  our  Treatise  on  Locomotives  ” — but  which 
second  edition  has  not  yet  been  published — were  made  “  by  the  application  of  a 
thermometer,  and  of  an  air-gauge  or  manometer  to  the  pipe  through  which  the 
steam,  after  having  terminated  its  action  in  the  engine  escaped  into  the  atmo¬ 
sphere.”  In  this  respect  they  resemble  the  experiments  above  related,  but  in 
the  pages  cited  which  contain  this  passage,  the  author  only  states  his  conclu¬ 
sions  that  the  temperature  of  the  escaping  steam  truly  indicates  its  pressure,  in 
which  we  are  agreed.  Pie  has  left  us,  for  the  present,  in  the  dark  as  to  the 
data,  and  reasoning  on  which  he  grounds  his  assertion  (p.  161,  same  FLork,) 
that  the  resistance  caused  by  the  blast  increases  in  the  direct  ratio  of  the 
velocity  of  the  piston.  I  may  here,  also,  observe  that  he  has  left  us  equally 
at  fault  for  the  data,  and  experiments  on  which  he  grounds  his  conclusion  that 
the  resistance  to  a  train,  from  the  air,  increases  as  the  square  of  the  velocity. 

The  foregoing  experiments  on  the  blast  were  commenced  in  the  autumn  of 
1836  ;  they  were  witnessed  by  many  engineers  and  mechanics  ;  in  fact,  the  two 
thermometric  gauges  formed  part  of  the  apparatus  of  the  engines ;  every  time 
they  were  worked,  observations  of  the  thermometers  took  place,  and  an  experi¬ 
ment  may  be  said  to  have  been  daily  made ;  but  I  have  yet  to  relate  two 
others,  of  a  still  more  satisfactory  nature,  on  the  same  engines. 

Reflecting  on  its  indications,  it  struck  me  that  the  blast  thermometer  could 
not  very  accurately  determine  either  the  maximum  or  minimum  tempera¬ 
ture  of  the  steam  in  the  pipe ;  and  that,  with  still  less  certainty,  could  it  indi¬ 
cate  the  mean  pressure  of  the  steam,  during  an  entire  stroke  in  the  cylinder ;  for 
the  pipe,  with  respect  to  a  cylinder,  can  only  be  considered  as  a  cock  with  re¬ 
spect  to  a  boiler.  So  great  is  the  well  known  rapidity  of  expansion,  that  steam 
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of  a  higher  pressure,  in  passing  from  a  denser  to  a  rarer  medium,  as  from  a 
boiler  into  the  atmosphere,  instantly  falls  considerably  below  the  temperature  of 
the  boiling  point.  This  is  a  condition  of  the  issuing  steam,  but  the  elasticity 
within  the  steam  receptacle,  whether  it  be  a  boiler  or  a  cylinder,  cannot  be  ac¬ 
curately  ascertained  by  the  temperature  or  pressure  of  the  steam  without  the 
receptacle — however  large  the  orifice  of  exit  through  a  pipe  communicating 
with  the  atmosphere — for  the  diminishing  pressure  within  the  cylinder  must 
always  have  a  relation  to  the  capacity  of  the  cylinder,  and  to  the  rapidity  of 
the  evacuation.  It  must  also  be  observed,  that  the  piston  of  an  engine  is  in 
motion  during  the  discharge,  and  that  its  effect  must  be,  whilst  assisting — for 
however  short  a  time — in  the  expulsion  of  the  steam,  to  compress  it  in  some 
degree.  Neither  a  thermometer,  nor  any  other  instrument  placed  without  the 
cylinder  seemed  to  me,  for  these  reasons,  to  possess  the  faculty  of  truly  indi¬ 
cating  the  pressure  of  the  steam,  at  any  one  instant,  within  the  cylinder.  I 
considered  the  thermometer  to  have  marked,  within  certain  limits,  the  pressure 
in  the  blast-pipe,  but  not  in  the  cylinder,  and  as  I  could  not  apply  an  indicator 
to  the  latter,  I  determined  on  employing  another  method  of  arriving  at  the 
exact  pressure  occasioned  by  the  blast.  This  method  was  the  synthetical  one 
of  working  the  same  loads,  at  the  same  velocity,  both  with  and  without  the 
blast,  which  would  give  certain  results,  and  free  the  question  from  all  possible 
error,  and  all  doubt.  An  opportunity  occurred  for  performing  these  experiments 
in  November  1837;  they  were  tried  on  loads  requiring,  with  the  blast,  20 
and  1 5  lbs.  pressure  per  square  inch  on  the  piston,  respectively,  in  the  following- 
manner  : — 

Preparation  was  made  for  removing  the  blast-pipes  at  an  instant’s  notice, 
by  loosening  the  flaunch  screws,  as  I  well  knew  an  experiment  could  not  be 
long  continued  without  blast,  and  with  peat  for  fuel,  which  I  was  using  at 
the  time.  The  pressure  in  the  boiler  being  brought  accurately  to  20  lbs.,  and 
the  engines  working  at  their  proper  velocity,  the  pipes  were  released  by  attend¬ 
ants  ;  the  engines,  as  might  be  expected,  were  for  an  instant  accelerated,  but 
with  the  regulator  in  my  hand,  were  immediately  restrained ;  the  steam  soon 
began  to  fall  in  the  boiler,  the  throttle  valve  was  opened  in  proportion,  and 
when  fully  opened,  the  engines  making  60  strokes  per  minute,  the  thermometric 
steam-gauge  on  the  boiler  exhibited  16  lbs.,  instead  of  20  lbs.  required  with 
the  blast :  4  lbs.  pressure  per  square  inch  was,  therefore,  the  true  resistance  of 
the  blast,  instead  of  6  lbs.  as  previously  indicated  by  the  blast-pipe  thermo- 
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meter.  The  engines  were  allowed  to  work  till  the  load  pulled  them  up,  when 
the  pressure  in  the  boiler  was  at  1 4  lbs. 

The  steam  was  again  raised,  and  the  experiment  repeated  with  similar 
results. 

The  load  was  then  changed  for  that  requiring  1 5  lbs.  with  the  blast,  and 
I  commenced  the  experiment  at  that  pressure,  with  which  the  engines  freely 
started  their  load.  The  thermometer  marked  1 2  lbs.  as  the  elasticity  of  the 
steam  when  it  had  unrestrained  admission  to  the  cylinders,  and  the  engines 
their  stated  velocity.  The  mean  resistance  of  the  blast  at  this  load  was, 
therefore,  3  lbs.,  instead  of  4  lbs.  indicated  by  the  blast-pipe  thermometer. 
The  engines  were  pulled  up  at  1 0  J  lbs. ;  a  repetition  of  the  experiment  pro¬ 
duced  precisely  similar  results. 

The  blast-pipes  were  then  replaced,  the  above  loads  severally  laid  on,  and 
the  pressures  in  the  boiler  and  blast-pipe  ascertained  to  be  the  same  as  previously 
indicated. 

I  have  regretted  that  I  did  not  seize  the  same  opportunity  of  trying  the 
effects,  without  blast,  at  still  lower  pressures,  as  I  have  not  since  been  able  to 
renew  them ;  but  they  are  comparatively  unimportant,  particularly  as  respects 
their  bearing  on  the  railway  locomotive ;  the  operation,  too,  was  not  a  little 
fatiguing  and  unpleasant,  from  my  being  half  smothered  by  the  steam  and  spray 
which  escaped  from  the  cylinders. 

It  was  thus  determined,  by  conclusive  experiments,  that  ^th  of  the  power  of 
the  engine  was  absorbed,  at  a  working  pressure  of  20  lbs.  upon  the  inch,  to 
blow  the  fire ;  and  the  same  at  1 5  lbs.  The  length  of  stroke  being  greater  in 
my  engine  than  in  the  ordinary  locomotive,  would  give  a  result  at  all  pressures, 
probably  somewhat  lower  for  blast  resistance  than  at  shorter  strokes,  but  the 
length' of  pipe  would,  perhaps,  be  against  them.  These  experiments  require, 
however,  to  be  much  more  varied  before  it  can  be  safely  concluded  that  the 
same  engine  loses  power  from  the  blast,  in  the  ratio  of  the  pressure  upon  the 
piston,  which  is  the  result  of  the  experiments  cited.  The  indications  of  the 
blast-pipe  thermometer  seem  to  me  to  have  denoted  that  a  less  proportional  re¬ 
sistance  occurs  at  very  low,  than  at  very  high  pressures. 

The  ingenious  mechanic  cannot  fail  to  perceive,  from  the  illustrations  here 
presented  of  the  phenomena  of  the  blast,  as  they  affect  both  resistance  and 
combustion,  that  considerable  economic  improvement  may  be  made  in  its  action ; 
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it  is  a  species  of  blower  which  has  the  merit  of  simplicity,  hut  it  is  a  very  costly 
appendage  to  a  locomotive  engine. 

Recurring  to  the  velocity  of  the  blast  at  its  issue  into  the  chimney,  I  am  able 
to  assign  its  speed,  very  nearly,  for  the  engines  on  which  these  experiments 
were  made.  It  has  been  already  shewn  to  be  a  condition,  that  the  duration  of 
a  single  jet  cannot  exceed  that  of  a  half  stroke  of  the  engine.  A  double  stroke 
was  effected  each  second,  consequently  a  half  stroke  was  completed  in  the 
fourth  part  of  a  second.  A  small  hole  was  perforated  at  the  lowest  point  of 
the  under  side  of  the  blast-pipes,  to  allow  the  condensed  water  to  escape, 
which  formed  in  considerable  quantities  in  the  cylinders  and  pipes  at  first  start¬ 
ing  the  engines,  and  from  the  following  cause.  The  blast-pipes,  on  entering  the 
smoke  box,  passed  through  2  feet  of  water,  below  the  cylindrical  part  of  the 
boiler,  which  was  always  kept  full,  to  cool  by  its  evaporation  the  part  of  the 
smoke  box  exposed  to  the  current  of  heated  air  from  the  5  boiler  tubes  pre¬ 
viously  described.  These  holes  were  near  the  cylinders,  and  could  be  opened 
and  closed  at  will ;  a  small  jet  was  given  out  by  them,  of  equal  duration  with 
that  into  the  chimney,  which  served  me  as  a  test  of  the  latter,  as  follows : — 
Holding  a  fine  steel  marker  against  the  gland  of  the  slide  valve,  I  could  observe 
the  commencement  and  termination  of  the  little  jet,  and  mark  their  instants  on 
the  spindle  as  it  traversed,  without  removing  the  eye ;  and,  the  motion  of  the 
spindle  being  the  counterpart  of  the  piston,  the  duration  of  the  blast  was  mani¬ 
fested  by  the  marks,  on  measuring  the  portion  occupied  on  the  entire  stroke  of 
this  valve  spindle.  Repeated  observations  of  this  kind  demonstrated  that  the 
discharge  was  effected  in  about  ^th  of  the  period  of  a  single  stroke,  or  in  about 
^th  of  a  second  ;  there  was,  consequently,  an  interval  of  -|th  of  a  second  between 
the  termination  of  a  discharge  from  one  cylinder,  and  the  commencement  of  a 
discharge  from  the  other  cylinder,  as  the  eduction  valve  of  the  latter  would  be 
opened  at  the  half  stroke  of  the  former,  which  half  stroke,  at  the  velocity  of 
60  revolutions  per  minute,  was  performed  in  ^th  of  a  second. 

The  escape  of  the  steam  from  the  cylinder  was,  thus,  4  times  swifter  than 
the  motion  of  the  piston ;  the  areas  of  the  cylinder  and  blast  orifice  were  to 
each  other  as  19.783  to  1,  expressing  also  the  ratio  of  the  relative  velocity  of 
the  steam  out  of  the  cylinder,  and  into  the  chimney.  The  steam,  therefore, 
issued  from  the  blast  orifice  79.13  times  faster  than  the  piston  moved  in  the 
same  time ;  and  the  piston  travelled  6  inches  in  -Jth  of  a  second ;  data  which 
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will  be  found  to  give  316J  feet  per  second,  or  215  miles  per  hour  as  the  rate  of 
velocity  of  a  single  jet  of  steam  into  the  chimney. 

This  determination  of  the  velocity  of  the  blast  jet  is  a  mere  statistical  fact 
from  particular  dimensions  of  engine,  working  at  a  given  speed.  High  num¬ 
bers  always  astonish,  and  they  are  often  cited,  whether  useful  or  not ;  but  as 
incorrect  methods  had  been  employed  to  ascertain  similar  data,  and  deductions 
from  such  data  had  been  made  the  basis  of  fallacious  reasoning,  both  as  regards 
the  velocity  of  the  current  of  heat  into  the  chimney,  and  blast-pressure,  no 
apology  is  necessary  for  my  stating  the  foregoing  facts.  To  render  them  useful, 
and  connect  them  with  the  action  of  the  currents  of  air  into  the  fire,  and  into 
the  chimney,  another  series  of  experiments,  and  a  different  method  of  investi¬ 
gation  would  be  required. 


OF  THE  EXPENDITURE  OF  POWER  FOR  A  GIVEN  EFFECT  BY  FIXED  AND 
LOCOMOTIVE  NON-CONDENSING  ENGINES. 

But  few  direct  and  conclusive  experiments  appear  to  have  been  made  on 
the  expenditure  of  steam,  for  a  given  effect,  by  non-condensing  engines.  Of  the 
two  in  Table  VI.,  Experiment  III.  is  the  most  satisfactory,  as  I  had  opportuni¬ 
ties  of  submitting  that  engine  to  very  frequent  trials ;  nevertheless,  the  method 
employed  of  ascertaining  the  pressure  was  not  so  perfect  as  might  be  wished,  as 
I  had  no  indicator.  The  absolute  pressure  on  the  piston,  with  the  engine 
loaded,  was  14 lbs.  per  square  inch*;  its  friction,  unloaded,  was  overcome 
by  4.45  lbs.,  leaving  9.55  lbs.  as  the  effective  pressure. 

By  comparing  the  volumes  of  steam  and  water  consumed  per  minute,  by 
this  engine,  we  have  the  ratio  of  749  to  1,  giving  the  pressure  corresponding 
with  it  in  M.  de  Pambour’s  table,  as  21.13  lbs.  above  the  atmosphere.  This 
ratio  should  have  been  771  to  1,  for  perfect  agreement  between  the  elasticity 
deduced  from  these  comparative  volumes,  and  that  denoted  by  the  instrument 
employed  ;  an  identity  which  would  be  obtained  by  augmenting  the  volume  of 
steam  by  ^th  for  the  ineffective  quantity  contained  in  the  passages,  &c.,  an 
amount  not  considered,  as  I  could  not  measure  it.  A  nearer  approximation  to 
perfect  agreement  between  the  indications  of  the  test  per  volume,  and  the  real 
consumption  of  an  engine  can  rarely  be  made. 

*  Throughout  this  paper,  the  term  absolute  pressure  is  used  in  contradistinction  to  effective 
pressure ,  and  exclusive  of  the  value  of  the  atmosphere,  or  14.71  lbs.  per  square  inch,  except 
when  specially  mentioned. 
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The  absolute  power  of  this  engine  was  29.32  horses,  and  its  effective  force 
20  horses,  which  were  respectively  accomplished  by  the  consumption  of  81.85, 
and  120  lbs.  of  water  as  steam  per  horse-power  per  hour. 

It  is  usually  found  that  £th  of  the  total  power  is  absorbed  by  the  friction 
of  a  good  condensing  engine ;  a  proportion  which  would  shew  the  Albion  Mills 
engine  (Experiment  V.  Table  VI.)  to  have  exerted  an  absolute  force  of  621- 
horses,  obtained  by  the  expenditure  of  55.6 0  lbs.  of  water  as  steam  per  horse 
per  hour ;  its  effective  power  being  50  horses,  and  the  consumption  of  water 
70  lbs.  per  horse  per  hour. 

The  ratio  of  expenditure  of  power,  for  equal  useful  effects,  between  these 
two  engines — so  loaded— was,  therefore,  as  70  to  120,  or  as  1  to  1.71. 

In  the  Appendix  to  a  highly  ingenious  and  philosophical  “  Report  on  Rail¬ 
ways”  made  by  my  late  esteemed  friend,  Mr.  Charles  Sylvester,  of  Derby,  and 
addressed  to  Charles  Lawrence,  Esq.,  of  Liverpool,  in  1824,  will  be  found  a 
learned  disquisition  on  the  relative  consumption  of  power  by  the  above  two 
classes  of  engine.  Mr.  Sylvester’s  knowledge  and  accurate  theoretical  analysis 
of  the  subject,  are  shewn  by  the  close  accordance  of  his  conclusions  with  the 
facts  established  on  these  two  engines,  at  their  respective  working  pressures,  viz. 

4 ‘that  the  relative  economy  of  the  condensing,  and  non-condensing  engines,  will 
be  as  the  quantities  of  steam  consumed,  or  as  1  to  1.72.”  These  deductions 
were  drawn  from  calculations  on  a  condensing  engine  supposed  to  be  loaded  to 
Watt  s  standard — similar  to  the  Albion  Mills  engine — and  on  a  non-condensing 
engine  supposed  to  be  working  with  an  absolute  pressure  of  15  lbs.,  or  an 
effective  load  requiring  10  lbs.  per  square  inch  to  overcome  it,  being  half  a 
pound  more  than  the  one  above  cited. 

Mr.  Sylvester  then  shews  that  by  increasing  the  pressure  upon  the  same 
non-condensing,  and  by  enlarging  the  area  of  the  condensing  engine’s  cylinder 
and  air-pump,  so  as  to  maintain  the  steam  in  it  at  an  uniform  pressure  per 
square  inch  for  all  loads,  the  economy  of  the  former  would  gradually  approach, 
and  finally  equal  that  of  the  latter ;  thus  shewing  the  consumption  of  steam  by 
the  non-condensing  engine,  for  equal  effects,  to  diminish  with  the  pressure  on 
its  piston.  This  is,  also,  an  irrefragable  argument  as  will  presently  be  seen, 
and  was  employed  by  the  author  in  advocating  the  application  to  the  locomotive 
of  a  species  of  atmospheric  cooler,  or  condenser  without  water,  which  would, 
he  thought,  bring  it  more  quickly  on  a  par  with  the  condensing  engine,  as 
respects  economy  of  steam. 
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Since  the  period  of  Mr.  Sylvester’s  investigation,  the  locomotive  engine  has 
assumed  definite  characteristics ;  and,  to  the  resistance  of  the  atmosphere,  is 
superadded  that  arising  from  the  blast-pressure,  which  has,  hitherto,  consider¬ 
ably  enhanced  the  difficulty  of  determining  both  its  net  power,  and  its  con¬ 
sumption  of  steam,  for  a  given  effect. 

In  the  numerous  comparisons  contained  in  the  foregoing  pages  between  the 
locomotive,  and  fixed  non-condensing  engines,  the  consumption  of  the  latter  has 
been  used,  together  with  that  of  the  condensing  engine,  as  the  test  of  the 
accuracy  of  the  data  of  resistance  assigned  to  the  former  by  the  various  analysts ; 
but,  accurate  determinations  of  the  expenditure  of  steam  by  the  same  locomo¬ 
tive  engine  on  which  the  values  of  friction,  and  blast-pressure  were  ascertained, 
as  given  in  the  preceding  section,  enable  me  to  fix  its  consumption  of  water  as 
steam  for  given  effects,  and  thus  to  narrow  the  ground  of  doubt,  and  to  establish 
still  more  correct  data  for  ascertaining  the  real  resistance  opposed  to  progressive 
motion  on  railways,  than  such  previous  comparisons  could  furnish. 

It  was  demonstrated,  in  the  manner  shewn  in  the  last  section,  that,  with 
the  respective  absolute  pressures  of  15  and  20  lbs.  per  square  inch  upon  the 
piston,  the  resistances  from  the  blast  were  3  and  4  lbs.  per  square  inch  against 
the  piston.  I  had  frequently  ascertained  the  weight  of  water  as  steam  con¬ 
sumed  by  the  engine  when  giving  locomotion  to  the  mass  on  which  it  was 
planted,  with  a  pressure  of  4,  and  8  lbs. ;  and,  on  completing  the  experiments 
with,  and  without  the  blast-pipe,  I  ascertained  the  expenditure  of  water  as 
steam,  for  several  hours,  with  the  load  requiring  1 5  lbs.  per  square  inch ;  this 
took  place  steadily  at  the  rate  of  1220  lbs.  per  hour.  At  that  pressure,  the 
absolute  power  of  the  engine  was  17.13  horses,  found  as  follows  : 

Area  of  both  Motion  of  piston 

pistons.  Pressure.  per  mm. 

Sq.  in.  lbs.  feet.  Horse-power. 

/  15  x  240  x  , 

157.08  x  [ - 38Q00  lbs - /  =  *7. 13.  The  water  consumed  per  horse 

per  hour  for  the  absolute  power  was,  consequently,  71-22  lbs. 

The  effective  power  balancing  the  load  is  thus  found : 

For  friction.  For  blast 

pressure. 

lbs.  lbs.  lbs.  lbs. 

15  —  (2.50  +  3)  =  9.50  per  square  inch ;  and 

lbs.  feet. 

Sq-ln‘  /  9.50  X  240  \  Horse-power. 

157-08  x  V  33000  lbs'  /  =  The  water  consumed  per  horse  per  hour 

for  the  effective  power  was,  therefore,  112.54  lbs. 
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It  will  be  observed  that  I  take  the  friction  of  the  engines  at  2^  lbs.  per 
square  inch,  though  they  worked,  without  load,  with  a  pressure  of  li  lb.  of 
steam ;  but,  it  must  be  borne  in  mind  there  was  a  vacuum  equivalent  to  1  lb. 
on  the  opposite  side  of  the  pistons,  which  vacuum  disappeared  at  4  lbs.  per 
square  inch.  The  friction,  therefore,  must  be  valued  as  consuming  steam  of 
2-^  lbs.  per  square  inch  for  all  pressures  upon  the  piston  exceeding  4  lbs. 

I  will  now  bring  the  absolute  pressure  of  15  lbs.,  as  exhibited  by  the  ther¬ 
mometric  steam-gauge  on  the  boiler,  to  the  test  of  the  pressure  resulting  from 
the  comparative  volumes  of  steam  and  water  expended. 

sq.  in.  in. 

Area  of  both  cylinders  157.08  x  48.25  length  of  double  stroke  and  spaces, 

cub.  in.  cub.  in. 

+  576  contents  of  passages,  —  301.59  contents  of  piston  rods  per  double  stroke, 

cub.  in.  cub.  in.  cub.  ft. 

=  7892.79  ;  which,  divided  by  1728,  gives  4.567  as  the  volume  of  steam  con¬ 
sumed  per  double  stroke ;  and  this  sum,  multiplied  by  60  strokes,  gives  274.02 
cub.  ft.  as  the  volume  of  steam  expended  per  minute. 

The  weight  of  water  being,  as  aforesaid,  1220  lbs.  per  hour,  the  volume 
consumed  per  minute  was  0.325  cub.  ft. 

The  ratio  of  the  two  quantities  is  843  to  1,  equal,  by  M.  de  Pambour’s 
Table,  to  a  total  pressure  of  31.50  lbs. ;  from  which  deducting  14.71  lbs.  for 
the  atmosphere,  (of  which  no  account  is  taken  for  the  force  subsisting  on 
the  opposite  side  of  the  piston,)  we  have  16.79  lbs.  per  square  inch,  for  the 
absolute  pressure  on  the  pistons,  instead  of  1 5  lbs.  as  indicated  by  the  thermo¬ 
meter. 

The  quantities  found  for  the  pressure  and  water  are,  however,  positive ;  the 
volume  of  steam  is,  also,  positive ;  but,  some  of  the  steam  was  unavoidably 
condensed  from  the  exposed  state  of  the  cylinders  and  steam-pipes  ;  and,  to 
bring  the  pressure  deduced  from  the  volumes  to  perfect  identity  with  that 
marked  by  the  thermometer,  the  volume  of  water  requires  to  be  diminished 
from  0.325,  to  0.308  cub.  ft.  per  minute,  or  by  fvth ;  which  difference — on  the 
supposition  that  the  volume  test  is  perfect,  at  the  ratio  of  887  to  1,  and  that 
the  pressure  in  the  cylinder  was  truly  marked  by  that  in  the  boiler — would  be 
the  precise  value  of  the  condensation. 

We  have  thus  a  very  near  agreement  between  the  pressure  on  the  pistons 
derived  from  a  test  by  a  thermometer,  which  accorded  with  the  safety  valve, 
and  a  test  derived  from  the  comparative  volumes  of  steam  and  water  expended. 

The  consumption  of  steam  per  effective  horse-power  per  hour  has  been 
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shewn  to  be  120  lbs.  for  the  fixed  non-condensing  engine,  (Exp.  III.,  Table 
VI.,)  and  for  the  locomotive  under  review  112.54  lbs.,  which  proves  the  latter 
to  have  been  the  most  economical  of  the  two,  at  nearly  the  same  absolute  pres¬ 
sures  ;  the  former  being  14,  and  the  latter  15  lbs.  per  square  inch.  The  friction 
of  fpo  former  was  4.45  lbs.,  and  friction  and  blast  resistance  togethei  amounted 
to  5.50  lbs.  in  the  latter.  This  is  a  new  and,  perhaps,  an  unexpected  result ; 
it  shews  the  locomotive  from  its  smaller  cylinders,  smaller  mass  in  motion,  lighter 
and  smaller  rubbing  surfaces,  to  be  encumbered  with  little  more  than  half  the 
frictional  load  arising  from  the  larger  cylinder,  heavy  beam  and  connecting 
rod,  and  more  massive  apparatus  of  the  fixed  engine.  It  is  proper,  however, 
to  observe  that  an  economy  of  the  power  expended  in  friction  is  dearly  bought 
by  the  locomotive  at  the  expense  of  durability ;  for  no  short-stroke  engines  will 
endure  like  the  longer  ones,  as  is  strikingly  exemplified  by  the  brief  existence  of 
the  locomotive  in  a  sound  and  healthy  state,  compared  with  the  longevity  of  a 
house-engine. 

Having  now  found  the  expenditure  of  steam,  for  a  given  effect,  by  a  loco¬ 
motive  engine  working  at  a  pressure  of  1 5  lbs.  per  square  inch,  I  will  apply 
the  data  to  other  pressures,  and  examine  the  results ;  and,  first,  on  the  load 
requiring  20  lbs.,  at  which  pressure  the  resistance  for  blast  was  ascertained,  on 
the  same  engine,  to  be  4  lbs.  on  the  opposite  side  of  the  piston.  The  nature  of 
this  load  did  not  permit  a  lengthened  account  of  the  water  to  be  taken,  but  there 
is  nothing  more  certain  than  that  the  consumption  of  steam  must  be  proportional 
to  the  resistance  overcome  ;  and  that  if  with  an  absolute  pressure  of  15  lbs.  the 
engine  consumed  1220  lbs.  of  water  per  hour,  1425.31  lbs.  would  be  required 
by  the  same  engine,  in  the  same  time,  moving  at  the  same  velocity,  with  a 
pressure  of  20  lbs.  per  square  inch.  The  absolute  power  of  the  engine,  at  this 
pressure,  was  22.84  horses,  and  the  water  expended  per  horse  per  hour  62.40lbs. 

For  blast- 
For  friction,  pressure, 
lbs.  lbs.  lbs.  lbs. 

The  effective  pressure  was  20  —  (2.50  +  4)  =  13.50;  the  effective  power  15.41 
horses  ;  and  the  consumption  of  water  as  steam  92.49  lbs.  pei  hoise  per  hour. 

At  30  lbs.  pressure  per  square  inch,  the  absolute  power  of  the  engine  would 

For  friction.  For  blast, 
lbs.  lbs.  lbs.  lbs. 

be  34.26  horses;  the  effective  pressure  30  —  (2.50  +  6)  =  21.50  =  24.55 
horses-power.  The  water  expended  as  steam,  at  this  pressure,  would  be 
1835.95  lbs.  per  hour,  for,  if  there  be  one  certain  property  of  steam  ascertained, 
it  is  that  its  density  is  proportional  to  its  elasticity ;  the  aqueous  constituent  of 
vol.  hi. — part  II.  Y 
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equal  volumes  of  steam  at  30  and  15  lbs.  above  the  atmosphere  is,  therefore,  as 
44.71  to  29-71.  The  absolute  horse  power  would  thus  be  obtained  by  the 
hourly  expenditure  of  53.58  lbs.,  and  the  effective  power  by  74.78  lbs.  of  water 
as  steam.  It  will  be  observed  that  I  have  assumed,  at  this  pressure,  the  same 
proportional  resistance  for  the  blast  as  was  ascertained  at  15,  and  20  lbs.,  and, 
so  far,  it  is  a  hypothetical  case  ;  but,  it  has  been  shewn,  in  the  section  on  the 
blast,  that  the  principle  of  that  resistance  increasing  in  the  same  ratio  as  the 
absolute  pressure  on  the  piston  is,  within  very  narrow  limits,  a  necessary  con¬ 
dition  developed  by  the  phenomena  of  the  blast. 

It  thus  appears  that,  with  increasing  absolute  pressures,  and  under  increas¬ 
ing  loads,  an  equal  effective  power  is  obtained  by  the  locomotive  engine  with 
a  diminishing  expenditure  of  steam,  which  proves  the  truth  of  Mr.  Sylvester’s 
proposition  even  with  the  blast;  for,  at  the  respective  pressures  of  8,  15,  20 
and  30  lbs.,  the  effective  horse-power — in  the  usual  acceptation  of  the  term — is 
realized  with  256.41,  112.54,  92.49,  and  74.78  lbs.  of  water  as  steam,  respec¬ 
tively  ;  at  which  last  pressure  it  very  nearly  approaches  the  economy  of  the 
condensing  engine. 

There  is,  however,  another  value  necessary  for  perfect  accuracy  neglected 
in  the  foregoing  calculation,  viz.,  the  additional  friction  brought  upon  the  mov¬ 
ing  parts  of  the  engine  by  the  load,  or,  more  strictly  speaking,  by  the  increase 
of  absolute  pressure  on  the  piston;  for,  with  the  load,  the  blast-resistance 
also  augments  ;  so  that  the  additional  friction  is  not  proportional  to  the  load 
(as  M.  de  Pambour  expresses  it),  but  to  the  excess  of  pressure  upon  the  piston 
over  and  above  that  which  is  necessary  to  overcome  the  friction  of  the  engines 
without  load. 

Dealing  as  I  am  with  facts,  and  ascertained  quantities,  not  with  theories,  I 
can  assign  no  value  practically  found  for  this  additional  friction ;  but,  it  is 
nearly  certain  that  it  bears  a  direct  ratio  to  the  force  which  produces  friction 
between  those  parts  of  the  engine  affected  by  pressure,  such  as  the  valves, 
joints,  and  slides.  For  the  sake  of  shewing  by  how  much  the  neglect  of  this 
quantity  may  influence  the  results  in  power,  and  consumption  of  water  as 
steam,  for  a  given  effect,  I  will  assume  xVth — -which,  from  experiments  directed 
to  this  end,  I  do  not  think  to  be  far  from  the  truth — of  the  absolute  pressure, 
in  excess  over  that  which  balanced  the  friction  of  the  engines  without  load,  to 
be  the  value  of  the  additional  friction,  and  that  it  increases  in  the  ratio  of  this 
excess.  The  total  friction  of  15  lbs.  absolute  pressure  would  thus  be  3.33  lbs. ; 
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blast  resistance,  3  lbs. ;  effective  pressure,  8.67  lbs. ;  effective  power,  9-9  horses ; 
and  the  water  consumed  as  steam,  123.23  lbs.  per  horse  per  hour. 

At  20  lbs.  absolute  pressure,  the  total  friction  would  be  3.66  lbs. ;  blast 
resistance,  4  lbs. ;  effective  pressure,  12.34  lbs. ;  effective  power,  41.08  horses ; 
and  the  consumption  of  water  per  horse  per  hour,  101.22  lbs. 

At  30  lbs.  absolute  pressure,  the  total  friction  would  be  4.33  lbs. ;  blast 
resistance,  6  lbs. ;  effective  pressure,  18.34  lbs.;  the  effective  power,  20.94 
horses  ;  and  the  expenditure  of  water  as  steam  per  horse  per  hour,  87-67  lbs. 

If  this  identical  engine  were  put  upon  a  railway,  and  wheels  of  5  ft. 
diameter  applied  to  its  crank  shaft,  a  velocity  of  10.71  miles  per  hour  would 
be  attained  by  60  revolutions  per  minute,  at  which  speed  the  foregoing- 
computations  give  its  power,  and  effect,  for  the  different  pressures  of  steam ; 
and  from  the  effective — or  what  would  be  better  termed  the  disposable — 
power  of  the  engine,  after  overcoming  all  the  friction  proper  to  itself,  and  blast- 
pressure,  the  resistance  to  the  progressive  motion  of  a  given  load  could  be  accu¬ 
rately  ascertained,  the  disposable  force  being  known  in  horses-power ;  but, 
were  I  to  assign  200  tons,  or  any  other  load,  as  the  measure  of  the  power  of 
the  engine  at  that  velocity  with  30  lbs.  pressure — for  example — a  doubt  might 
be  raised  as  to  the  correct  adaptation  of  such  load  to  the  power,  and  the  re¬ 
sults  might  be  considered  as  hypothetical.  I  prefer,  therefore,  to  apply  the 
same  data  for  the  values  of  friction  without  load — additional  friction — and 
blast-pressure — to  the  locomotive  engines  in  Tables  VIII.,  IX.,  X.,  in  order  to 
exhibit  the  facility  and  accuracy  with  which  the  sum  of  resistance  to  pro¬ 
gressive  motion  can  be  found  when  these  data  are  known ;  and  to  shew  the 
discordant  nature  of  results  afforded  by  purely  theoretical  methods  of  investiga¬ 
tion.  These  results  are  registered  in  Table  XVI. 

The  following  is  an  example  of  the  computation ;  Hecla,  case  2  : — • 

Absolute  Additional  Blast-  Effective 

oressure.  Friction.  friction.  pressure.  pressure.  Effective 

lbs.  lbs.  lbs.  lbs.  lbs.  H.  P.  H.  P. 

30.95  —  (2.50  +  1.89  +  6.19)  =  20.37  =  88.31,  or  disposable  force;  .\  88.31 

..  Veloc.  engine  per  min. 

lbs.  lbs.  feet.  lbs. 

x  33000  =  2914230  raised  lft.  per  min.  -=-  2719.43  =  1071-63  resistance 

lbs.  Tons. 

overcome,  or  tractive  effort  exerted  by  the  engine;  and  1071-63  -f-  82,  gross 

lbs. 

load,  =  13.06  per  ton,  at  30.93  miles  per  hour,  instead  of  22.40  lbs.  per  ton,  ac¬ 
cording  to  Dr.  Lardner’s  data. 
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Table  XVI. 


From  Table  VIII. 

! 

1  Velocity  of  engine 

per  hour. 

t  Absolute  pressure 

on  the  pistons,  per 

sq.  in. 

Effective  pressure 

on  the  pistons,  per 

sq.  in. 

•f  Absolute  power  of 

engine. 

Effective  power  of 

engine. 

Tractive  resistance. 

Gross  load.  | 

i 

Tractive  resistance 
per  ton. 

Assigned  theoretic 

resistance  per  ton. 

Expert. 

Miles. 

lbs. 

lbs. 

Horses. 

Horses. 

lbs. 

Tons. 

lbs. 

lbs. 

I. 

9.72 

49.29 

33.82 

48.93 

33.57 

1294.44 

206.90 

6.25 

8. 

M.  de  Pambour. 

II. 

15.00 

29.79 

19.52 

45.62 

29.89 

747.25 

139.54 

5.35 

8. 

33 

III. 

18.15 

20.00 

12.34 

37.06 

22.86 

472.13 

52.05 

9.07 

8. 

33 

IV. 

24.07 

13.29 

7.41 

32.54 

18.04 

281.05 

42.20 

6.66 

8. 

>3 

V. 

31.60 

15.30 

8.89 

42.52 

24.70 

293.08 

41.16 

7.12 

8. 

3,3 

VI. 

26.90 

20.04 

12.37 

46.18 

28.50 

397.55 

47.41 

8.38 

8. 

33 

VII. 

18.63 

39.19 

26.37 

62.67 

42.16 

848.56 

95.41 

8.89 

8. 

33 

VIII. 

26.70 

25.62 

16.46 

58.72 

37.72 

529.58 

44.08 

12.01 

8. 

33 

IX. 

21.79 

26.62 

17.20 

49.77 

32.15 

553.30 

57.00 

9.70 

8. 

33 

X. 

23.00 

21.95 

13.77 

43.33 

27.18 

443.15 

64.36 

6.88 

8. 

33 

XIII. 

20.34 

38.50 

25.90 

67.24 

45.23 

833.88 

95.41 

8.74 

f  9.60 

33 

XIV. 

29.09 

21.54 

13.47 

53.55 

33.48 

431.59 

45.59 

9.46 

%  10.60 

S3 

XV.  1 

26.95 

31.04 

20.43 

104.29 

68.64 

957.35 

82.00 

11.67 

§  19.64 

Dr.  Lardner. 

XV.  2 

30.93 

30.95 

20.37 

119.52 

88.31 

1071.63 

82.00 

13.06 

§  22.40 

33 

*  Soho 

30.79 

33.30 

22.10 

107.27 

71.19 

867.05 

46.51 

18.64 

Ditto. 

30.79 

51.30 

35.29 

165.25 

113.67 

1384.43 

46.51 

29.98 

1 

•j 

3 

4 

5 

6 

7 

8 

9 

10 

11 

Columns  9  and  10  of  this  Table  bring  the  resistances  opposed  to  pro¬ 
gressive  motion,  calculated  from  data  of  a  practical  nature,  into  comparison  with 
those  deduced  from  experiments  of  a  purely  theoretic  character ;  but,  there  are 
good  grounds  to  believe  that  the  effective,  or  disposable  power  of  the  engines  in 
the  Table  is  yet  too  highly  rated ;  for,  the  friction  of  these  engines,  without 
load,  would  be  greater  than  that  assigned,  as  their  pistons  are  of  larger  diameter 
than  those  upon  which  the  value  of  friction  was  ascertained  to  amount  to 
2^  lbs.  per  square  inch.  It  is  probable,  too,  that  the  additional  friction  would  be 

*  From  Table  XIII.  f  Vide  columns  29  and  33,  Tables  IX.  and  X.  £  Vide  page  97. 

§  Vide  pages  112,  113. 
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greater  than  iVth  in  the  railway  locomotive,  from  the  shocks  and  strains  to 
which  it  is  exposed.  It  must,  also,  carefully  be  borne  in  mind  that  the  only 
datum  whence  the  power  can  be  derived  in  these  experiments,  arises  from  the 
calculated  ratio  of  the  volumes  of  steam  and  water  consumed  ;  and,  that  though 
the  former  may  have  been  ascertained  with  near  approach  to  certainty,  the  second 
important  quantity  has  been  shewn,  in  many  of  the  reported  cases,  to  exceed 
possibility ;  thus,  it  is  probable  that  in  no  one  of  these  experiments  has  suffi¬ 
cient  allowance  been  made  for  waste,  priming,  and  delays  :  the  absolute  pres¬ 
sures  so  found  must,  therefore,  be  regarded  as  too  high,  rather  than  too  low, 
and,  consequently,  the  resistances  to  motion  exaggerated. 

Extraordinary  discrepances  appear  by  mutually  comparing  the  velocities, 
and  resulting  resistances ;  they  forcibly  shew  the  importance  of  an  exact  appre¬ 
ciation  of  the  volume  of  water  consumed,  when  no  other  test  than  its  ratio  to 
the  volume  of  steam  is  used  to  denote  the  actual  pressure  in  the  cylinders. 
Great  as  is  the  difference  between  the  results  with  the  Hecla,  and  Dr.  Lardner’s 
estimate  of  resistance  for  the  velocities,  the  contrast  between  Experiment  V. 
(at  a  still  higher  speed,)  and  that  engine,  exhibits  the  tractive  effort  required,  as 
less  by  nearly  6  lbs.  per  ton  at  the  higher,  than  the  lower  velocity.  Reasons 
have  already  been  given  in  the  analysis  of  the  experiment  with  the  Hecla,  for 
considering  the  effective  power  of  the  engine  as  too  highly  rated,  after  the  de¬ 
duction  of  water  for  delays,  &c.,  as  no  estimate  could  be  formed  of  the  waste 
through  the  safety  valves.  The  resistances  in  columns  7  and  9  of  this  Table 
are,  therefore,  still  exaggerated. 

The  power  of  the  Soho  has  been  computed  at  two  pressures;  1st,  on  the 
presumption  that  all  the  water  assigned  as  evaporated,  was  expended  as  steam ; 
2d,  on  the  presumption  that  ^th  was  wasted,  as  by  M.  de  Pambour’s  approxi¬ 
mation  ;  and  it  will  be  seen  that  the  deduction  of  ^th  water  has  the  effect  of 
reducing  the  absolute  pressures,  and  disposable  force  of  an  engine  in  a  much 
greater  ratio;  an  instance  adduced  to  impress  upon  observers,  and  experi¬ 
menters,  the  all  important  necessity  of  an  accurate  determination  of  the  expendi¬ 
ture  of  water  as  steam.  With  the  deduction  of  ^th,  the  force  of  the  wind 
against  this  train  raised  the  resistance  per  ton  to  18.64  lbs.,  or  5^  lbs.  higher 
than  in  the  experiment  with  the  Hecla  at  equal  velocities.  On  the  presumption 
that  all  the  water  passed  as  pure  steam  through  the  Soho’s  cylinders,  the  pres¬ 
sure  on  the  pistons  must  have  been  51.30  lbs.  per  square  inch,  which  I  look 
upon  as  a  very  improbable  circumstance,  and  the  resistance  to  progressive  mo- 
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tion  29.98  lbs.  per  ton — a  still  more  improbable  circumstance.  The  pressure — 
with  ^th  water  deducted — would  be  33.30  lbs.  per  square  inch. 

I  have  reduced  several  of  the  experiments  on  the  engines  of  the  Great 
Western  Railway  to  the  terms  of  this  last  Table,  but  the  computations  are  too 
laborious  to  tempt  a  reduction  of  the  series,  unless  the  waste  of  steam,  and  pres« 
sure  in  the  boilers  were  denoted ;  for,  as  in  Experiment  XI.,  Table  VIII.,  the 
pressures  resulting  from  the  ratio  of  the  volumes  of  water  and  steam  consumed 
come  out,  in  many  cases,  much  higher  than  the  boiler  itself  could  have  sustained, 
so  that,  without  correction  for  waste,  computations  from  such  data  would  give 
no  credible  result  as  to  power,  or  resistance. 

An  accurate  determination  of  resistance  to  progressive  motion  can  only  be 
made  from  correct  facts  establishing,  beyond  dispute,  the  disposable  force  of  the 
particular  engine  examined  ;  no  such  facts  are  yet  on  record,  and  until  they  be 
ascertained  with  the  same  care,  and  precision,  as  upon  other  classes  of  engine, 
doubt  and  confusion  must  rest  upon  investigations  which,  otherwise,  could  not 
fail  to  indicate  and  illuminate  a  path  to  improvement  in  locomotive  science ;  and 
it  must  be  almost  unnecessary  to  say  that  upon  the  constructive  perfection,  and 
economy  of  the  locomotive  engine  depends  the  prosperity  of  railways ;  for,  the 
locomotive  is  the  continual  devourer  of  costly  power,  and  the  continual  object 
of  costly  repair. 

JOSIAH  PARKES. 

London,  1839. 


This  paper  was  partially  read  on  the  last  evening  of  the  session.  It  contained  the  greater 
portion  of  the  facts  and  Tables,  and  all  the  principles  now  developed  ;  but  as  M.  de  Pambour’s 
last  work,  the  “New  Theory  of  the  Steam  Engine  ”  was  not  then  published,  and  as  the  meeting  of 
the  British  Association  for  the  Advancement  of  Science  might  be  expected,  to  produce  information 
on  the  subject,  I  obtained  permission  from  the  Council  of  the  Institution  to  incorporate  in  my 
paper  such  matter  as  might  seem  expedient ;  for  which  indulgence  I  have  to  express  my  sincere 
thanks. — J.  P. 


III. — On  the  Preparation ,  Properties ,  and  Uses  of  Turf  and  Turf  Coke. 

By  CHARLES  WYE  WILLIAMS,  Assoc.Inst.C.E. 

Having  laid  before  the  Institution  specimens  of  turf  in  its  natural  state,  as 
taken  from  the  bog ;  also  specimens  exhibiting  certain  stages  of  its  conversion 
into  a  dense  coke,  or  into  the  form  of  a  solid  artificial  coal ;  I  now  propose  to 
submit  some  observations  on  the  composition,  properties,  and  respective  uses  of 
these  different  substances. 

My  connection  with  the  City  of  Dublin  Company  rendered  me  extensively 
acquainted  with  steam  navigation,  and  instrumental  in  introducing  it  into  Ire¬ 
land,  in  aid  of  inland  intercourse  on  the  river  Shannon  ;  my  attention  was 
consequently  drawn,  several  years  since,  to  the  substituting  turf  for  coal,  as  a 
fuel  for  steam  vessels — -principally  on  the  score  of  economy  and  convenience — 
coal  being  obtained  with  difficulty,  and  at  a  great  expense ;  while  turf 
abounded  in  numerous  districts  along  the  hundred  miles  of  that  river  over 
which  the  steam  vessels  of  the  company  daily  passed.  A  further  inducement 
was,  that  its  adoption,  as  a  fuel  for  steamers,  would  form  a  valuable  and  profit¬ 
able  source  of  employment  for  the  population.  The  result  of  the  trial  has  been 
satisfactory  in  every  point  of  view. 

In  the  adoption  of  a  turf  fuel,  no  small  inconvenience  was  experienced  from 
its  great  bulk ;  and,  in  wet  seasons,  from  its  retaining  so  much  moisture  as 
seriously  to  detract  from  its  heating  powers.  My  attention  was,  therefore,  first 
directed  to  the  remedying  these  two  evils,  by  obtaining  a  more  condensed  and 
a  drier  fuel. 

In  pursuing  this  object  I  was  struck  with  the  meagre  accounts  which  books 
afforded  of  this  valuable  natural  product,  and  the  little  attention  which  had 
been  given  to  it  by  scientific  and  practical  men  in  this  country.  My  humble 
attempt  is  to  remedy  this  defect. 

As  to  the  means  of  increasing  its  density,  and  thus  remedying  the  evil  of 
its  excessive  bulk,  nothing  had  been  effected ;  neither  had  any  successful  effort 
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been  made  towards  improving  the  mode  of  preparing  it  for  the  purposes  of  fuel, 
notwithstanding  the  great  importance  of  these  objects. 

My  attention  was  further  drawn  to  the  value  of  turf  (or  peat  fuel,  as  it  is 
called  in  England  and  Scotland)  by  the  received  opinion,  that  it  had  not  only 
the  power  of  giving  out  an  intense  heat,  and  with  great  rapidity ;  but  that  it 
possessed  properties  which  gave  it  great  value  when  applied  to  the  various 
processes  of  metallurgy  ;  and  particularly  in  the  working  of  iron,  where  the 
fuel  comes  in  contact  with  the  metal.  This  led  me  to  pursue  the  enquiry  on 
another  ground ;  namely,  as  being  likely  to  supply  an  improved  fuel  for  the 
uses  of  the  furnace  and  the  forge. 

The  well  known  superiority  and  high  money  value  of  “  Charcoal  iron,” 
(iron  manufactured  by  means  of  the  heat  from  charcoal,  and  which  is  the  lead¬ 
ing  peculiarity  in  the  manufacture  of  Swedish  iron,)  gave  a  further  stimulus  to 
the  enquiry.  Coke  prepared  from  turf,  (a  pure  vegetable  charcoal,)  ought,  it 
appeared  to  me,  not  only  to  possess  heating  properties  analogous  to  those  from 
wood  charcoal,  but  to  be  equally  free  from  those  deleterious  ingredients  which 
abound  in  mineral  coal. 

Such,  indeed,  is  the  value  and  purity  of  the  iron  manufactured  by  the  aid 
of  wood  charcoal,  as  compared  with  that  manufactured  by  coal  coke, 
the  process  usually  adopted  in  Great  Britain,  that  it  may  be  hoped  that  by 
the  aid  of  turf  coke  the  importation  of  Swedish  iron  may  ere  long  be  rendered 
unnecessary. 

Of  the  use  of  turf  coke  in  working  iron,  many  strong  testimonials  from 
practical  men  were  given  in  a  tract  presented  to  me  by  Lord  Downshire,  whose 
attention  had  long  been  directed  to  the  means  of  rendering  the  Irish  bogs  more 
available.  Its  importance  for  the  uses  of  the  forge  cannot  be  overlooked. 
Much  injury  is  sustained,  not  more  from  the  use  of  inferior  iron,  than  from  the 
impurities  of  the  coal  and  coke  with  which,  in  many  parts  of  the  country,  we 
are  compelled  to  work  it.  The  extent  of  this  evil  and  its  consequences,  cannot,  it 
is  true,  be  stated  in  figures,  but  it  is  not  less  appreciable  on  that  account.  This 
is  well  known  to  all  workers  in  iron  and  steel ;  and,  when  we  find  an  important 
part  of  a  machine  broken,  and  probably  great  mischief  done,  we  are  apt  to 
censure  the  workman,  when  we  should  rather  lay  the  fault  on  the  iron,  or  the 
impure  fuel  with  which  the  work  has  been  done. 

In  pursuing  the  enquiry  as  to  the  use  of  turf  and  the  manufacture  of  turf 
coke,  I  fell  naturally  into  the  common  error  of  taking  the  lower  portions  of  the 
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bog,  in  preference  to  those  nearer  the  surface  ;  and  from  this  circumstance,  that 
the  latter,  on  account  of  their  lightness,  appeared  unsuited  to  the  purpose  ; 
while  the  former,  from  their  great  comparative  density,  seemed  well  adapted 
for  producing  a  coke  which  could  stand  the  blast.  From  the  lower  strata,  a 
coke  sufficiently  dense  could  certainly  be  formed  by  the  aid  of  suitable  coking- 
stoves  ;  but  they  were  found  to  be  too  impure,  and  impregnated  with  too  large 
a  proportion  of  incombustible  and  deleterious  matter.  From  the  upper  strata, 
on  the  contrary,  and  particularly  where  they  were  composed  of  pure  bog  moss, 
which  had  made  but  little  progress  towards  decomposition  and  solidification,  I 
obtained  an  exceedingly  pure  carbon  ;  giving  a  very  small  per  centage  of  useless, 
and  no  injurious  matter. 

This  upper  portion  of  the  bog,  however,  was  of  so  light  and  porous  a  tex¬ 
ture,  and  so  apt  to  reabsorb  nloisture,  by  which  its  heating  properties  were 
much  reduced,  that  it  threatened  to  defeat  all  my  efforts,  as  it  would  scarcely 
repay  the  labour  of  cutting  and  saving,  even  for  domestic  fuel ;  while  the  lower 
strata  often  approached  the  solidity  of  coal.  The  superior  density  of  the  latter, 
it  will  be  observed,  had  been  acquired  by  the  decomposition,  and  consequent 
solidification  of  its  vegetable  fibre,  and  still  more  by  the  consolidation,  through 
ages,  from  the  mere  pressure  of  the  superincumbent  mass ;  often  of  the  depth 
of  twenty  or  thirty  feet.  But  this  great  density  is  obtained  at  the  expense  of 
purity  and  heating  properties,  through  the  addition  of  many  heterogeneous 
and  incombustible  substances  ;  which,  pro  tanto,  and  without  reference  to 
their  chemical  effects,  deteriorate  the  calorific  power  and  usefulness  of  turf  as 
fuel. 

This  has  been  well  illustrated  by  Mr.  Griffith,  in  his  analysis  of  a  part  of 
the  Bog  of  Allen,  of  the  depth  of  thirty-eight  feet,  as  given  in  the  first  volume 
of  the  “  Parliamentary  Reports  on  the  Bogs  of  Ireland.”  That  report  states 
that  the  upper  portions,  even  to  the  depth  of  eight  or  ten  feet,  exhibited  so 
«  open-grained  and  fibrous  a  texture,”  that  the  different  species  of  the  mosses  of 
which  it  had  been  composed  were  easily  discernible  :  the  Sphagnum  palustre 
(the  lightest  of  the  bog  mosses)  predominating.  This  portion  of  the  bog  had 
as  low  a  specific  gravity  as  356  (water  being  taken  at  1000);  and,  what  is 
here  important,  yielding  not  more  than  one  per  cent,  of  incombustible  ash. 

As  he  descended  to  the  lower  portions,  he  found  the  mass  progressively 
increasing  in  density,  until  it  shewed  a  “  fracture,  conchoidal ;  lustre,  shining ; 
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with  a  strong  resemblance  to  coal,  and  susceptible  of  a  high  polish,”  and  further, 
that  it  was  capable  of  yielding  a  “  very  compact  charcoal  with  internal  lustre 
shining.”  He  found  its  specific  gravity  increased  from  356  to  1236,  but  accom¬ 
panied  with  the  drawback,  that  its  incombustible  ash  had  also  increased  from 
one  to  twenty  per  cent.,  independently  of  the  injurious  tendency  of  the  sub¬ 
stances  with  which  it  had  combined  ;  thus  proving  that  as  the  bog  had  gained 
in  density,  it  had  lost  in  combustible  value,  weight  for  weight ;  and  that  even 
as  a  domestic  fuel  it  was  seldom  used,  “  owing  to  the  unpleasant  odour  it  gave 
when  ignited.” 

Having  ascertained  satisfactorily,  by  experiments  in  the  forging  of  iron,  and 
by  analysis,  that  the  upper  and  lighter  portions  of  the  bog  possessed  the  greatest 
purity  and  heating  power,  weight  for  weight ;  the  difficulty  presented  itself  of 
combining  density  with  purity,  which  qualities,  in  the  natural  state,  are  not  co¬ 
existent.  The  process  I  have  adopted  has  enabled  me  to  obtain  a  coke  from 
the  lighter  portions  of  the  bog,  not  only  of  double  the  density  of  wood  charcoal, 
and  equal  to  that  of  coal  coke,  but  possessing  that  purity  which  is  so  essential  in 
the  working  of  iron. 


Analysis  of  peat  and 
peat  coke. 


To  ascertain  more  in  detail  the  relative  values  of  the  compressed 
peat,  and  peat  coke,  as  compared  with  coal,  coal  coke,  and  charcoal,  I  had  a  very 
accurate  analysis  made  by  that  able  experimentalist.  Professor  Everitt,  whose  re¬ 
port  I  here  subjoin,  as  it  contains  much  interesting  matter,  and  many  new  facts. 


“  Report  of  Experiments  on  pressed  Peat,  and  on  Coke  made  therefrom,  for 
Charles  Wye  Williams,  Esq. 


Density. — The  density  or  specific  gravity  of  water  . . .  1000 

Compressed  peat,  the  thinnest  and  hardest  pressed .  1160 

Ditto,  the  thicker  or  less  pressed . . . . .  910 

Peat  coke,  the  thinner  or  hard  pressed  . . .  1040 

Ditto,  the  thicker  or  less  pressed . . . .  913 

The  resin  fuel,  (peat,  coke,  and  resin) . .  1140 

Resin  alone . . .  1110 

The  hardest  and  dry  woods,  such  as  oak,  ash,  or  elm,  vary  from  800  to  585 

The  lighter  woods,  as  poplar,  pine,  &c.,  vary  from  .  383  to  530 

Charcoal  from  hard  woods,  varies  from .  400  to  625 

Coals  vary  from . . .  1160  to  1600 
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“  Hence  we  see,  the  hardest  compressed  peat  is  denser  than  the  hardest 
woods,  in  the  relation  of  1160  to  885 ;  and  compared  with  some  of  the  lighter 
woods,  nearly  double.  Further,  that  the  coke  prepared  from  the  hardest  com¬ 
pressed  peat  is  nearly  double  the  density  of  ordinary  charcoal.  In  common 
practice,  it  is  reckoned  that  100  lbs.  of  charcoal  occupy  the  same  space  in  mea¬ 
sure  as  200  lbs.  of  coke.  The  peat  coke  would,  therefore,  weight  for  weight, 
occupy  the  same  space,  very  nearly,  as  common  coke. 

Calorific  power. — “  The  next  point  of  investigation  was  the  calorific  power  as 
compared  to  coal,  common  coke,  and  charcoal.  The  usual  method  of  making 
assays  of  this  kind,  is  to  burn  equal  quantities  of  the  respective  fuels,  and 
endeavour  to  ascertain  how  much  water  each  respectively  will  raise  a  given 
number  of  degrees,  or  convert  into  vapour.  But  experiments  of  this  sort,  unless 
made  on  a  very  large  scale,  cannot  lead  to  any  comparable  results. 

“It  is  given  in  Berthier  ( Kssais  par  la  Voie  Seche,  vol.  i.  p.  289)  as  being 
the  result  of  accurate  experiments,  that  a  given  weight  of  charcoal  will  raise  78 
times  its  own  weight  of  water  from  32°  to  212°,  or  boil  off  in  vapour  llAths 
its  weight ;  which  data  do  not  differ  materially  from  the  results  obtained  on  a 
large  scale  by  Mr.  Parkes.  (See  his  paper  in  the  “  Transactions  of  Civil  En¬ 
gineers,”  vol.  ii.  p.  161.)  Now  we  know,  from  actual  trial,  that  weighed 
portions  of  coke,  charcoal,  &.C.,  used  under  stills  and  boilers  holding  from 
five  to  ten  gallons  of  water,  will  not  produce  one  tenth  of  this  effect.  I  am 
convinced  of  the  utter  futility  of  trusting  to  any  such  experiments  on  a  small 
scale,  with  the  view  of  having  anything  like  an  approximation  to  the  true 
relative  values  of  fuel.  I  was  here  induced  to  adopt  the  method  recommended 
by  Berthier  in  his  work,  vol.  i.  p.  228,  in  order  to  obtain  the  relative  values  of 
these  fuels. 

“It  is  assumed,  that  the  absolute  quantity  of  heat  generated  during  the  com¬ 
bustion  of  any  fuel,  is  in  exact  relation  to  the  quantity  of  oxygen  consumed,  or 
entering  into  combination.  Hence,  in  order  to  ascertain  the  relative  calorific 
value  of  fuels,  it  is  only  necessary  to  ascertain  the  quantity  of  oxygen  each 
consumes  in  burning. 

“  The  best  mode  of  doing  this,  is  to  mix  a  weighed  quantity  of  the  fuel  with 
a  slight  excess  of  litharge,  (oxide  of  lead,)  and  find  what  quantity  of  metallic 
lead  is  reduced.  According  to  Berthier,  (and  which  also  agreed  with  some 
trials  made  by  me  on  the  same  substances,) 
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10  parts  of  pure  carbon  will  give, 

of  lead  . 

.  .  340  grs, 

10  parts  of  good  wood  Charcoal 

from 

.  300  to  323 

10  parts  of  dry  wood 

from 

.  120  to  140 

10  parts  of  good  coal  coke 

from 

.  260  to  285 

“  It  may  here  be  remarked  that,  assuming  the  principle  to  be  correct  in  prac¬ 
tice,  it  is  susceptible  of  great  accuracy ;  for,  as  every  single  grain  of  carbon 
produces  thirty-four  grains  of  lead,  any  error  in  estimating  the  lead  is  reduced 
to  Tfth  of  a  grain  of  pure  carbon. 

“  In  subjecting  the  peat  and  peat  coke  to  the  same  process,  I  found  as  follows  : 

10  parts  of  the  peat  coke  (picked  surface  peat)  gave  .  277  grs. 

10  parts  of  peat  coke  (lower  strata)  ....  250 

10  parts  of  pressed  peat  (uncoked)  .  .  .  .137 

“  The  above  numbers  represent  the  relative  quantities  of  heat  which  can  be 
produced  by  the  same  quantities  of  each  of  the  fuels  ;  and  in  cases  where  quan¬ 
tity  of  heat  alone  is  the  consideration,  these  numbers  will  also  represent  then- 
relative  values. 

“  But  intensity  of  heat  is  often  of  more  consequence  than  quantity ;  and 
intensity  depends  very  much  on  the  density  of  the  fuel.  Thus,  charcoal  can 
never  produce  so  high  a  heat  as  coke  ;  and,  in  this  respect,  the  denser  peat  coke 
and  common  coal  coke  are  about  equal.  These  comparisons  are  quite  irrespective 
of  any  foreign  matter  being  present  which  may  be  injurious  to  the  quality  of 
iron,  when  the  fuel  is  used  for  reducing  the  metal  from  its  ore,  or  for  working 
iron  by  fire,  or  when  it  is  used  under  iron  boilers  for  generating  steam. 

“  To  see  how  far  it  was  probable  or  not  that  the  peat  coke  contained  matter 
likely  to  act  injuriously  in  this  respect,  like  some  coke,  I  burned  portions  of  it 
in  a  variety  of  ways,  but  no  sulphurous  acid  smell  could,  in  any  case,  be  per¬ 
ceived  :  now,  sulphur,  or  the  metallic  sulphurets,  are  the  usual  ingredients  in 
common  coke,  to  which  their  corrosive  effects  on  iron  boilers  is  to  be  attributed ; 
and  such  coke,  during  burning,  always  gives  perceptible  quantities  of  sulphurous 
acid  gas. 

“  As  the  nature  and  quantity  of  ash  is  sometimes  of  importance,  I  have  also 
investigated  these  points  with  great  care.  An  average  of  two  experiments, 
where  1000  grains  of  peat  coke  were  burnt  till  all  carbonaceous  matter  was 
consumed,  gave  too  for  the  quantity  of  ash  of  a  light  buff  colour. 
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100  grains  of  such  ash  contain — 

Common  salt  .... 
Silica  and  sand  combined 
Sulphate  of  lime  .... 
Carbonate  of  lime 

Magnesia  and  carbonate  of  magnesia 
Alumina  ..... 


3-5 

15-0 

22*5 

43-25 

15-00 

0-75 

100-00 


“  The  ash  contained  no  carbonate  of  potassa,  and  is  remarkable  for  the  large 
quantity  of  magnesia  present. 

«  From  my  trials  I  am  of  opinion,  1st.  That  the  peat  coke  examined  by  me 
contains  nothing  which  would,  during  the  burning,  be  more  injurious  to  iron 
than  wood  charcoal,  or  the  best  coke — whether  it  be  used  to  work  iron,  or 
under  boilers  for  the  generation  of  steam. 

“  gd.  That  it  is  equal  to  the  best  coke,  weight  for  weight.  In  heating  power 
a  little  inferior,  weight  for  weight,  to  wood  charcoal  where  quantity  is  the  only 
consideration  ;  but  where  bulk  of  stowage  and  high  intensity  of  heat  are  im¬ 
portant  considerations,  it  is  superior  to  wood  charcoal. 

“  THOMAS  EVERITT, 

“  Laboratory,  Medical  School, 

“  London,  Jan.  18th,  1839.”  “  Middlesex  Hospital.” 


Observations  on  The  turf  which  I  submitted  for  the  above  experiments  was  from 

report. 

a  bog  in  Lancashire.  But,  from  other  experiments,  I  find  the  turf  from  many  ot 
the  bogs  of  Ireland  exceed  it  in  purity,  and  contain  a  much  less  proportion  of 
incombustible  ash. 

In  considering  the  foregoing  report  and  analysis,  the  great  density  of  both 
the  peat  and  peat  coke,  though  produced  from  the  lighter  portion  of  the  turf, 
from  the  surface  of  the  bog,  is  remarkable ;  the  compressed  peat  being  thirty  per 
cent,  denser  than  oak  wood,  and  double  that  of  lighter  woods ;  while  the 
coke  is  double  the  density  of  charcoal,  and  on  a  par  with  coal  coke.  I  may 
here  add,  that  this  density,  which  is  so  valuable  where  intensity  of  heat  is  an 
object,  may  be  still  further  increased,  and  with  little  additional  expense,  by  con¬ 
tinuing  the  operation  of  pressing. 

This  being  the  first  time  that  the  results  of  the  litharge  test ,  as  applied  to 
turf  coke,  have  been  communicated  in  this  country,  (the  value  of  which,  Berthier, 


170 


MR.  WILLIAMS  ON  THE  PREPARATION,  PROPERTIES, 


in  his  elaborate  and  admirable  essay  on  combustible  bodies,  has  fully  established,) 
I  may  be  permitted  to  say  that  its  accuracy,  and  the  small  amount  of  practical 
error  to  which  the  process  is  liable,  as  shewn  by  Mr.  Everitt,  give  it  a  high 
claim  to  our  attention ;  although  to  persons  not  familiar  with  the  nature  of 
chemical  tests,  it  may  not  be  so  self  evident.  We  here  see  that  the  extraordi¬ 
nary  attraction  which  carbon  has  for  oxygen,  and  the  power  which  it  thereby 
exercises  of  deoxidizing  metallic  oxides,  renders  the  litharge  test  the  most 
suitable  for  determining  the  absolute  purity  and  calorific  powers  of  the  various 
cokes.  The  carbon,  under  a  high  temperature,  uniting  with  the  oxygen  in  pro¬ 
portion  to  its  calorific  powers  ;  while  the  lead,  being  thus  deprived  of  that 
which  is  essential  to  its  state  of  oxide,  is  precipitated  in  its  pure  metallic  form  : — 
the  relative  weights,  so  thrown  down,  representing  the  true  combustible  values 
of  the  several  cokes. 

It  will  be  particularly  observed  that  Mr.  Everitt,  in  stating  the  quantity 
and  intensity  of  the  heat  given  out  by  peat  coke,  adds,  that  these  are  “  irre¬ 
spective  of  the  presence  of  any  foreign  matter  which  may  be  injurious  to  the  iron.’5 
Now  we  know  that  many  foreign  substances  do  enter  into  the  composition  of  coal 
and  coke,  and  do  exercise  a  very  injurious  influence  over  iron  and  steel,  in  the 
furnace  and  forge.  In  this  respect  the  importance  of  the  peat  coke  becomes 
apparent.  Iron,  when  worked  by  means  of  this  coke,  is  not  only  sooner  brought 
to  a  welding  state,  but  it  is  found  to  work  softer  and  with  less  of  that  scaling 
which  is  so  injurious,  particularly  in  the  operation  of  welding.  These  facts  I 
have  proved  both  in  the  furnace  where  large  boiler  plates  are  heated,  and  in  the 
operations  of  the  forge,  when  even  the  worst  iron  was  improved  in  quality. 

It  is  not  an  unimportant  consideration  that  peat  coke  may  thus  be  produced 
from  that  portion  of  the  bog  which  has  ever  been  rejected  even  as  a  domestic 
fuel.  Again,  that  it  is  precisely  that  description  of  turf  which  most  abounds  in 
Ireland,  and  which,  in  most  of  the  large  bog  districts,  has  hitherto  been  regarded  as 
an  absolute  incumbrance  ;  alike  unfit  for  fuel,  and  for  conversion  to  agricultural 
purposes.  This  latter  arises  from  its  extreme  porousness  and  levity : — its  being 
so  far  removed  from  that  decomposition  which  is  essential  to  the  vegetative 
functions  of  all  soils : — and  also  its  susceptibility  of  the  extremes  of  moisture 
and  drought, — overcharged  in  wet  seasons,  and  amounting  to  a  mere  caput 
mortuum  in  dry  ones. 

Tredgold,  speaking  of  turf,  says,  “  its  specific  gravity  varies  considerably, 
and  when  free  from  gravel,  its  quality  as  a  fuel  depends  much  on  its  density. 
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As  a  fuel,  it  may  be  divided  into  two  kinds  ;  the  first  is  compact  and  heavy ; 
the  second  light  and  spongy”;  and  of  the  former,  he  adds,  “this  is  the  best 
kind.”  Again,  he  says,  “  Peat  affords  a  mild  and  gentle  heat,  but  it  is  not  a 
good  heat  for  supplying  furnaces  for  boilers.”  Now  from  these  observations  it 
is  manifest  Tredgold  experimented  on  some  of  the  lower  strata,  which  give 
out  an  unpleasant  odour  in  proportion  to  their  earthy  impurities.  It  is  also 
evident  he  had  not  analysed  it  with  the  view  of  determining  the  relative 
purities  of  the  light  and  heavier  kinds,  and  of  its  peculiarities  in  the  working  of 
metals,  or  he  would  have  arrived  at  directly  opposite  conclusions. 

Tredgold  adds,  “  according  to  Clement  and  Desormes,  it  affords  one-fifth 
the  heat  that  would  be  given  out  by  an  equal  weight  of  charcoal,  which  nearly 
coincides  with  the  ratio  of  Blavier  and  Miche.”  This  comparison  is,  however, 
an  incorrect  one,  as  raw  turf  is  here  compared  with  charcoal.  I  do  not,  how¬ 
ever,  hesitate  to  enter  the  lists  with  these  celebrated  men,  and  assert  that  by 
proper  management,  turf,  even  of  the  lightest  description,  will  be  found  to  give 
out  more  effective  heat  than  wood,  and  turf  coke  than  charcoal.  Where,  then, 
the  required  density  can  be  obtained  artificially,  we  are  in  a  position  to  avail 
ourselves  of  this  substance,  which  has  hitherto  been  so  rejected,  (merely  from  its 
low  specific  gravity,)  and  render  it  available,  as  a  fuel,  where  high  temperatures 
are  required,  and  particularly  in  all  the  operations  of  metallurgy,  where  purity 
of  heat  is  so  essential. 

Process  of  manufac-  The  difficulty  of  the  process  of  converting  turf  into  coke,  has 
hitherto  been  an  obstacle  to  its  application  to  the  uses  of  the  forge.  So  great  is  the 
attraction  it  has  for  oxygen  that  much  care  is  requisite  in  managing  the  process : 
on  the  one  hand,  to  deprive  it  of  all  volatile  substances,  and  convert  it  into  a 
pure  carbon :  and  on  the  other,  to  avoid  waste  from  partial  combustion. 

The  mode  by  which  I  have  effected  these  two  objects  is  by  the  use  of  large 
vertical  stoves,  combining  in  their  action  the  distillatory  with  the  stifling  pro¬ 
cess.  During  the  expulsion  of  the  volatile  substances,  a  species  of  distillation 
is  carried  on  in  the  ovens ;  and  when  charred  to  the  point  when  combustion 
would  begin,  the  stifling  process  is  adopted,  by  which  all  waste  is  avoided. 
The  peculiarity  of  the  process  effected  by  these  stoves,  consists  in  watching  the 
progress  of  the  coking,  which  begins  at  the  lower  part  of  the  stove,  and  so 
regulating  the  admission  of  the  due  quantity  of  air,  as  the  operation  ascends, 
until  the  whole  is  so  advanced  and  the  gases  so  expelled,  as  to  require  the 
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complete  exclusion  of  atmospheric  air ;  the  whole  is  then  suffered  to  cool  by 
mere  radiation  from  the  external  surface  of  the  stoves. 

Each  of  these  stoves  is  capable  of  coking  a  ton  weight  of  turf  at  a  charge, 
and  twenty-four  hours  are  requisite  for  the  operation.  Their  number  may  be 
increased  according  to  the  quantity  required.  In  that  case,  they  may  be  ad¬ 
vantageously  built  in  a  range,  or  combined  in  a  hexagon  shape,  by  which 
economy  of  space  and  materials  in  their  construction  is  obtained.  When  so 
placed,  the  coking  and  roasting  stoves  (of  which  latter  I  shall  speak  presently) 
may  be  alternated  with  great  advantage  in  the  economy  of  heat. 

In  the  preparation  of  turf  coke  for  the  purposes  of  the  forge  or  melting  fur¬ 
nace,  a  further  process  is  necessary  to  give  that  density  which  is  so  essential. 
This  density  is  obtained  by  pulverizing,  or  bruising,  the  raw  material  in  a  wet 
state  as  taken  from  the  bog,  and  previously  to  compression.  This  operation 
of  bruising,  may  be  effected  with  very  little  labour,  by  proper  machinery.  The 
effect  of  this  bruising  process,  is,  by  the  destruction  of  the  fibrous  character,  to 
bring  the  component  parts  into  closer  and  more  intimate  contact ;  the  result  of 
which  is  observable  in  the  high  specific  gravity  thus  obtained. 

By  the  union  of  these  two  processes,  the  pulverizing  and  pressing,  almost 
any  desirable  density  may  be  obtained ;  and  we  have  within  our  reach  the 
power  of  imparting  to  this  valuable  substance,  the  most  essential  properties 
which  fuel  can  possess ;  namely,  the  purity  of  vegetable  charcoal,  with  the 
density  of  mineral  coke. 

Berthier,  in  his  essay  on  combustible  bodies,  and  in  which  he  has  given 
elaborate  analyses  of  various  kinds  of  charcoal,  coal,  and  turf,  with  their  respec¬ 
tive  cokes,  observes,  Vol.  I.  p.  347,  “With  respect  to  intensity  of  heat,  there 
is  no  combustible  equal  to  coke.  It  produces  results  in  large  furnaces  which 
could  not  be  obtained  from  wood  charcoal.  In  the  furnaces  for  assaying  of 
metals  difficult  to  be  melted,  it  raises  the  temperature  ten  pyrometric  degrees 
higher  than  the  latter.  This  property  is  owing  to  its  great  density.” 

But  Berthier  does  not  appear  to  have  been  aware  of  the  possibility  of  giving 
to  turf  coke,  a  density  equal  to  that  of  coal  coke,  which  he  thus  eulogises.  I 
find  in  the  trials  made  by  him  on  numerous  kinds  of  turf,  there  were  none  in 
any  degree  approaching  to  the  density  of  the  fuel  I  have  produced. 

Believing,  then,  that  the  quality  of  the  iron  ore,  is  not  a  matter  of  greater 
importance  than  the  quality  of  the  fuel  by  which  it  is  reduced  to  a  metallic 
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state,  it  becomes  a  subject  of  great  interest,  in  many  of  the  arts  and  manu¬ 
factures  of  this  country,  to  enquire  into  the  nature  and  properties  of  turf  coke. 

Nearly  thirty  years  ago,  Mr.  Griffith,  in  the  Parliamentary  Reports  on  the 
Bogs  of  Ireland,  characterised  those  bogs,  as  “  mines  above  ground.”  In  one  of 
these  reports,  under  date  June,  1810,  he  makes  use  of  the  following,  I  trust 
prophetic,  observation  :  “  It  is  not  at  all  improbable  that  the  iron  founders  and 
other  manufacturers  in  Dublin,  who  have  occasion  for  a  great  heat,  quickly 
raised,  may,  at  no  distant  period,  be  supplied  with  turf  charcoal  (which  is  supe¬ 
rior  to  any  other)  for  that  purpose,  from  the  Bog  of  Allen.  Many  interesting 
experiments  have  been  made  in  France  on  this  substance,  in  most  of  which  the 
result  has  answered  beyond  expectation.”  From  that  period,  however,  to  the 
present,  nothing'  has  been  done  towards  availing  ourselves  of  those  “  mines  above 
ground,”  or  turning  this  valuable  substance  to  .any  useful  purpose  beyond  that 
of  a  domestic  fuel. 

As  the  several  uses  to  which  peat  and  its  compounds  may  be  used  are  more 
numerous  than  is  generally  imagined,  I  will  here  detail  a  few  of  the  leading 
ones,  with  some  observations  on  their  use  and  application  : — 

1  st.  Of  turf,  as  now  prepared  and  sold  in  Ireland. 

2d.  Of  this  description  of  turf,  after  dry  pressure. 

3d.  Of  the  same,  after  the  operation  of  roasting. 

4th.  Of  the  same,  after  having  been  converted  into  coke. 

5th.  Of  the  preparation  of  turf  for  the  manufacture  of  gunpowder. 

6th.  Of  a  denser  kind  of  turf  coke,  prepared  by  grinding. 

7th.  Of  turf  coke,  applied  to  the  purification  of  coal  gas  and  coal  coke. 

8th.  Of  turf  coke  for  locomotive  engines. 

9th.  Of  the  same,  applied  to  the  manufacture  of  artificial  coal,  with  bitumen, 
for  steam  navigation. 

1st.  Of  turf,  as  cut  and  sold  by  the  peasantry  in  brick-shaped  pieces. — The 
first  practical  impediment  to  the  use  of  turf  in  this  state,  for  the  generation  of 
steam,  is  the  great  quantity  of  moisture  it  contains.  The  second  inconvenience 
i^  its  bulk.  As  regards  the  moisture  held  mechanically  in  suspension,  this  is  an 
evil  of  much  greater  extent  than  is  generally  supposed ;  and  as  the  loss  of  ef¬ 
fective  heating  power  must  be  in  the  proportion  of  internal  moisture  which  it 
has  to  evaporate,  the  heating  properties  of  turf  saved  in  the  ordinary  way  is 
not  unfrequently  deteriorated  to  the  extent  of  fifty  per  cent.  Indeed,  in  wet 
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seasons,  particularly  when  we  have  to  deal  with  the  light  spongy  descriptions, 
from  their  power  of  reabsorbing  moisture,  it  is  often  impossible  to  maintain  the 
due  pressure  of  steam  for  the  proper  working  of  the  engines,  even  by  the  sacri¬ 
fice  of  any  quantity  of  turf. 

For  this  evil  the  great  remedy  is,  attention  during  the  process  of  drying  and 
saving ;  and  care  in  its  subsequent  preservation  for  the  uses  of  the  ensuing 
season.  Turf  should  be  stacked  under  cover,  a  circumstance  hitherto  wholly 
neglected  by  those  who  lay  up  annual  stocks  for  the  winter  months,  as  in  the  case 
of  the  distillers  in  Ireland.  Any  labour  or  expense,  therefore,  devoted  to  this 
object,  will  be  amply  repaid  by  the  diminished  quantity  consumed,  and  the  in¬ 
creased  efficacy  of  its  evaporative  powers  *. 

2d.  Of  turf,  as  now  prepared  in  Ireland,  after  pressure. — With  respect  to  its 
great  bulk  and  low  specific  gravity,  this  may  to  a  certain  extent  be  remedied, 
and  at  an  expense  which  will  repay  the  process.  When  thoroughly  dry,  turf 
may  be  compressed,  in  large  quantities,  at  a  moderate  expense,  into  one- 
half,  or  even  one-tliird  of  its  previous  bulk :  and  which  compressed  state  it  will 
retain,  provided  it  be  preserved  under  cover.  This  was  not  hitherto  supposed 
to  be  the  case ;  pressure  has  not  been  applied  to  turf  in  this  previously  dry 
state,  as  it  was  supposed  that,  like  a  sponge,  it  would  again  swell  and  resume 
its  former  bulk.  My  experiments  on  this  preparation  much  surprised  me,  and 
led  to  the  manufacture  of  a  valuable  description  of  fuel  condensed  at  a  cheap 
rate,  and  with  the  aid  of  dry  pressure  alone.  Where  turf  is  of  a  light  porous 
character,  and  where  its  bulk  is  necessarily  more  objectionable,  this  dry  com- 

*  The  following  extracts  from  Berthier’s  “  Traite  des  essais  par  la  Voie  Seche  ”  will  be  found 
much  to  the  point  on  the  subject : — 

“  Hygrometricite. — Le  bois  est  un  corps  extremement  hygrometrique :  il  absorbe  une  tres 
grande  proportion  d’eau  dans  fair  humide,  et  lorsque  ensuite  on  le  soumet  a  une  chaleur  graduee, 
il  abandonne  cette  eau  par  portions  successives  qui  dependent  de  la  temperature.  Selon  M. 
Karsten,  des  copeaux  de  chene  parfaitement  desseches  a  fair,  perdent  encore  0,103  de  leur 
poids,  a  la  temperature  de  1’  ebullition  ;  mais  a  cette  temperature  le  bois  retient  encore  une 
quantite  tres  notable  d’eau.”  Vol.  I.  p.  234. 

“  Dessication.  —  Si  la  dessication  n’a  lieu  qu’a  la  chaleur  de  100°,  la  matiere  retient  encore 
0,145  d’eau  non  combinee  ;  mais  en  portant  la  chaleur  jusqu’  a  150  ou  160n,  et  en  la  maintenant 
pendant  quelques  heures,  jusqu’  a  ce  que  la  poudre  commence  a  brunir,  on  a  le  ligneux  parfaite¬ 
ment  sec ;  dans  cet  etat  il  est  compose  de  parties  egales  de  carbone  et  d’eau,  ou  plutot,  d’  hydro¬ 
gene  et  d’  oxigene  dans  le  rapport  rigoureusement  propre  a  constituer  l’eau.  Ce  resultat  est 
tout-a-fait  conforme  a  celui  que  MM.  Gay-Lussac  et  Thenard  avaient  obtenu  il  y  a  deja  long 
temps.”  Vol.  I.  p.  241. 
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pression  is  of  great  value ;  as  it  will  be  found  to  have  greater  durability  in  the 
furnace,  than  would  appear  due  merely  to  its  diminished  bulk. 

The  lower  heavy  strata,  however,  cannot  advantageously  be  compressed, 
as  they  have  a  tendency  to  crumble  and  lose  their  consistency ;  being  in  fact 
to  a  considerable  extent  already  carbonized.  The  upper  and  middle  strata 
may,  when  thoroughly  dry,  be  compressed  under  an  hydraulic  press,  in 
which  state  they  are  applicable  to  many  purposes.  We  know  that  mere 
density,  in  wood,  has  no  relation  to  the  quantity  of  heating  power  which  it  is 
capable  of  giving  out  weight  for  weight ;  and  when  equally  dry,  the  lighter 
kinds  of  woods  give  the  same  heat  as  the  heavier  kinds.  The  same  law  ap¬ 
plies  to  turf,  keeping  in  view,  equal  purities, — equal  weights, — and  equal 
degrees  of  dryness.  These  are  important  facts  when  we  have  to  deal  with  a 
light,  though  pure  material,  such  as  the  upper  portions  of  turf  bogs. 

3d.  Of  turf  after  the  operation  of  roasting. — When  it  is  an  essential  object 
to  have  highly  dried  turf,  this  may  be  obtained  by  the  roasting  process,  in  the 
vertical  stoves,  so  arranged  that  a  strong  current  of  air  is  made  to  pass  through 
the  turf,  entering  at  the  bottom  and  passing  upwards,  escaping  at  the  top  and 
carrying  away  the  moisture.  As  a  high  temperature  and  an  adequate  current 
of  air  are  essential  to  the  evaporation  of  moisture,  these  drying  or  roasting 
stoves  may  be  placed  alternately,  as  already  mentioned,  with  the  vertical 
coking  stoves.  The  heat  thus  supplied  from  the  latter  will  be  found  sufficient  to 
effect  the  necessary  rarefaction  of  the  air,  in  the  roasting  stove ;  whereby  a 
rapidly  desiccating  heat  and  current  are  obtained,  without  any  cost.  I  have 
also  found  this  compressed  roasted  turf  to  be  well  adapted  for  many  kinds  of 
furnaces. 

The  object  of  this  roasting,  is  not  only  to  expel  the  moisture  which  cannot 
be  dislodged  by  mere  atmospheric  exposure,  however  dry  the  air  may  be,  but 
also  to  vaporize  and  expel  the  ligneous  acid  which  abounds  in  the  lighter  de¬ 
scription  of  turf.  This  acid  being  a  great  enemy  to  heat,  must  be  thoroughly 
dissipated,  if  we  would  obtain  the  greatest  calorific  effect  from  the  turf.  This 
very  circumstance  having  been  hitherto  disregarded,  has  in  many  instances  been 
the  direct  cause  of  its  heating  properties  being  underrated.  Berthier,  who  has 
treated  of  the  relation  between  desiccation  and  calorific  power  with  great  ex¬ 
actness,  states,  that  having  dried  wood  in  a  stove  during  many  days  at  a  high 
temperature,  and,  further,  until  it  had  the  appearance  of  roasted  coffee,  found 
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that  the  calorific  power  increased  progressively  as  this  species  of  distillation  pro¬ 
ceeded,  up  to  the  degree  of  heat  capable  of  decomposing  it. 

Rumford,  with  the  view  of  thoroughly  drying  it,  cut  the  wood  into  thin 
pieces,  and  exposed  it  in  a  stove  for  twenty-four  hours,  and  until  it  began  to 
turn  brown,  at  a  temperature  of  128°.  In  all  these  particulars  I  have  ascer¬ 
tained  that  turf  and  wood  are  perfectly  analogous. 

Dr.  Ure,  in  speaking  of  the  mischievous  effect  of  moisture  in  wood,  explains 
it  in  his  usual  clear,  comprehensive,  and  satisfactory  manner  :  and  how  forcibly 
does  all  this  apply  to  the  moist  state  in  which  turf  is  now  usually  applied  as 
fuel ;  yet  how  indifferent  are  the  consumers  to  this  self-evident  deterioration  of 
the  heating  properties  of  their  turf  *. 

4th.  Of  turf  coke. — This  dry-pressed  turf,  when  coked,  forms  a  valuable  fuel, 
particularly  for  the  use  of  air-furnaces,  in  which  iron  plates  for  boiler-makers 
are  heated.  In  the  manufacture  of  marine  boilers,  and  particularly  for  boilers 
made  on  the  Cornish  plan,  many  of  the  plates  of  iron  forming  the  windings  of 
the  internal  flues,  have  to  be  brought  to  a  red  heat  above  50,  or  even  a  100 
times,  before  they  are  fashioned  and  fitted  to  their  proper  places.  It  is  needless 
to  mention  the  injurious  effects  of  bad  sulphurous  coal  or  coke  during  such  re¬ 
peated  heatings,  or  the  advantage  of  a  pure  carbonaceous  coke,  like  peat  coke, 
by  which,  from  its  freedom  from  impurities,  the  quality  of  the  iron  is  positively 
improved.  I  can  speak  from  experience  on  this  head,  having  had  abundant 
proofs  of  its  value,  and  having  found  that  the  iron  heated  in  a  furnace  by  this 
description  of  turf  coke,  has  become  softer,  more  pliant,  and  malleable. 

5th.  Of  turf,  for  the  manufacture  of  gunpowder. — The  lighter  portions  of 

*  Dr.  Ure,  in  speaking  of  moisture  in  wood,  observes,  “  Moisture  diminishes  the  heating 
power  in  three  ways  : — by  diminishing  the  relative  weight  of  the  ligneous  matter  : — by  wasting 
heat  in  its  evaporation  : — and  by  causing  slow  and  imperfect  combustion.  If  a  piece  of  wood 
contain,  for  example,  25  per  cent,  of  water,  then  it  contains  only  75  per  cent,  of  fuel ;  and  the 
evaporation  of  that  water  will  require  Jgth  part  of  the  weight  of  that  wood.  Hence  the  damp 
wood  is  of  less  value  in  combustion  by  -^ths  or  5-ths,  than  the  dry.  Woods  which  have  been  felled 
and  cleft  for  twelve  months  still  contain  from  20  to  25  per  cent,  of  water.  It  may  be  assumed, 
as  a  mean  of  several  experimental  results,  that  one  pound  of  artificially  dried  wood  will  heat  35 
pounds  of  water,  from  the  freezing  to  the  boiling  point :  and  that  a  pound  of  such  wood 
as  contains  from  20  to  25  per  cent,  of  water  will  only  heat  26  pounds  of  such  water  to  the  same 
degree.  The  value  of  different  woods  for  fuel,  is  inversely  as  their  moisture  ;  and  this  may 
easily  be  ascertained  by  taking  their  shavings,  drying  them  in  a  heat  of  140°  Fahrenheit,  and  see¬ 
ing  how  much  weight  they  lose.” 
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the  turf,  when  coked,  and  ground  very  fine,  and  which  is  effected  with  great 
facility,  appear  peculiarly  applicable  in  the  manufacture  of  gunpowder.  This  is 
owing  to  its  purity  and  freedom  from  earthy  matter,  and  also  from  the  extreme 
pulverulency  of  which  it  is  susceptible. 

Having  submitted  this  coke  to  the  examination  of  M.  D  Ernst,  the 
artificer  in  fireworks  for  Vauxliall,  his  report  is  very  satisfactory.  He  states 
that  it  is  twenty  per  cent,  more  combustible  than  oak  charcoal,  and  recommends 
its  adoption  in  the  manufacture  of  gunpowder.  The  turf  coke  was  put  to 
the  severest  test,  namely,  in  the  production  of  coloured  lights. 

6th.  Of  the  dense,  wet-pressed  turf  coke. — Where  a  very  dense  coke  is  re¬ 
quired,  an  additional  process  becomes  necessary  in  the  preparation  of  the  turf. 
As  already  noticed,  turf  for  this  description  of  fuel  is  taken  wet,  as  cut  from  the 
bog,  and  in  that  state,  ground  or  pulverized,  so  as  completely  to  destroy  its 
vegetable  fibrous  texture,  and  break  up  the  numerous  cells  or  vesicles  in  which 
the  moisture  is  contained.  This  bruising  process  may  be  effected  in  the  common 
horse  mortar-mill.  When  a  large  quantity  is  required,  the  number  of  bruising 
rollers  may  be  increased  on  the  horizontal  arms.  A  mill  of  twelve  feet  dia¬ 
meter,  mounted  with  four  metal  or  stone  rollers,  working  vertically  on  their 
edges,  is  capable  of  preparing  ten  tons  daily.  The  only  attention  required  is 
that  of  one  man  to  supply  the  floor  of  the  mill  with  the  wet  turf,  from  which, 
after  having  made  a  few  circuits  of  the  mill,  it  passes  out  sufficiently  pulverized 
for  the  operation  of  pressing. 

On  being  so  bruised,  and  while  in  its  wet  pulpy  state,  it  is  subjected  to  a 
powerful  pressure,  in  layers  of  three  or  four  inches  thick,  with  the  proper  alter¬ 
nate  absorbents  or  recipients  ;  and  on  the  water  being  pressed  out,  it  is  re¬ 
duced  to  the  state  of  thin  cakes  according  to  the  degree  of  density  required. 
These  cakes  are  then  prepared  for  the  coking  stoves  by  a  short  exposure  to  the 
air,  under  cover,  or  by  means  of  the  roasting  stoves  already  mentioned. 

An  hydraulic  press  of  400  tons  pressure  can  effect  the  proper  compression 
of  one  ton  of  peat  per  hour.  The  charges  of  turf  are  previously  prepared  apart, 
on  suitable  trucks,  and  rolled  under  the  press  successively  as  the  pressure  is 
completed.  The  object  of  this  arrangement  is  to  save  the  time  of  the  press, 
which  would  otherwise  be  wasted  were  it  to  stand  idle  while  the  turf  was  being 
placed  in  its  proper  layers. 

7th.  Of  purifying  pit  coal  by  means  of  turf. — Another  advantage,  and  one 
likely  to  be  of  great  importance  in  the  arts,  arises  from  the  purifying  effect  of 
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turf  on  pit  coal,  in  the  process  of  coking  the  latter,  and  in  the  manufacture  of 
gas  for  illuminating  purposes. 

By  mixing  turf  with  pit-coal  in  the  coking  oven,  a  remarkable  effect  is  pro¬ 
duced,  and  a  very  superior  coke  is  the  result.  The  sulphur,  which  abounds  in 
coal,  and  which  vaporizes  and  passes  away  at  a  temperature  even  below  the 
boiling  point  of  water,  is  first  expelled  by  the  direct  radiation  from  the  turf, 
which  begins  to  carbonize  and  give  out  its  heat  long  before  the  coal. 

Another  valuable  effect  is  produced  by  the  union  of  the  ligneous  acid  of  the 
turf  with  the  volatile  alkali,  (ammonia,)  which  is  generated  in  the  process  of 
coking  coal,  and  which  is  always  found  where  nitrogen  (its  main  constituent)  is 
disengaged  in  connexion  with  a  combustible  containing  hydrogen.  In  the 
process  of  coking  coal,  ammoniacal  gas  is  evolved  in  large  quantities.  When 
carried  on  in  close  retorts,  this  ammoniacal  gas  passes  away  in  a  liquid  state, 
being  combined  with  aqueous  matter,  and  forming  the  ammoniacal  liquor  of  the 
gas  works. 

Now  ammonia  is  not  only  a  great  enemy  to  flame  and  heat,  but  causes  a 
serious  injury  to  iron.  The  ligneous  acid  of  the  turf  unites  with  and  neu¬ 
tralizes  the  ammonia;  greater  purity,  and  consequently  increased  calorific 
effect,  is  thus  given  both  to  the  coke  and  to  the  gas. 

Dr.  Ure  states  that,  “  the  gas  from  coal,  as  it  issues  from  the  retort,  is 
not  fit  for  the  purposes  of  illumination,  as  it  contains,  with  other  matter,  steam 
impregnated  with  the  carbonate,  sulphate,  and  hydro-carburet  of  ammonia.” 
If  not  suited  for  the  purpose  of  illumination,  neither  is  it  suited  to  the  purposes 
of  heating  and  evaporation.  The  ammonia  being  dissipated  in  the  early 
process  of  coking,  is  an  important  circumstance,  from  its  being  thus  prevented 
entering  into  those  numerous  and  injurious  compounds  of  which  it  is  susceptible  ; 
or  of  carrying  off  any  sensible  portion  of  carbon  or  hydrogen,  with  which  it 
would  readily  unite. 

As  ammonia  in  combining  with  acids  generates  cold — frequently  intense 
cold,  its  abstraction  is  on  this  account  desirable.  Professor  Brande  informs  us, 
that  “  ammonia  mixes  with  the  gaseous  acids  in  several  proportions  ;  combin¬ 
ing  with  half  its  volume, — or  with  an  equal  volume, — or  with  two  volumes 
an  ample  range  is  thus  obtained  for  effecting  this  union  of  the  ligneous  acid 
with  the  ammonia  through  all  the  stages  of  their  generation  in  the  ovens. 
That  this  is  the  fact,  is  perceptible  in  the  dense  white  cloud,  (the  form  which 
it  assumes,)  and  which  passes  off  copiously  during  the  whole  of  the  operation. 
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Had  it  been  otherwise,  it  would  have  remained  until  a  more  advanced  stage  of 
the  process,  when  both  the  turf  and  coal  would  have  been  carbonized,  and  in 
which  case  the  superior  affinity  which  carbon  has  for  ammonia,  in  preference  to 
all  the  other  gases,  would  have  resulted  in  a  serious  loss — the  carbon.  Now 
carbon  is  the  most  important  element  in  all  fuels,  being,  as  Dr.  Ure  appropriately 
terms  it,  “  the  main  heat-giving  constituent.”  Its  absorption  and  loss  are,  there¬ 
fore,  above  all  things  to  be  guarded  against.  The  investigation  of  these  inter¬ 
esting  details  remains  yet  to  be  pursued  by  chemists. 

8th.  Of  turf  as  a  fuel  for  locomotive  engines. — The  turf  coke,  in  both  states 
of  compression,  is  expected  to  be  applicable  to  the  use  of  railroad  engines,  par¬ 
ticularly  where  coal  coke  is  either  expensive  or  inferior  in  quality.  Much  must, 
however,  depend  on  the  money  value  at  which  it  can  be  produced ;  and  this, 
also,  must  have  reference  to  the  locality  where  it  may  be  manufactured.  The 
application  of  turf  coke  to  locomotive  engines  has  not  hitherto  been  practically 
demonstrated,  but  doubtless  will  in  the  course  of  the  present  year.  Ordinary 
coal  coke  exercises  a  most  injurious  influence  on  the  tubes  and  fire-boxes  of 
locomotive  engines. 

9th.  Of  turf  coke  in  the  manufacture  of  artificial  coal. — The  last  application 
or  modification  of  this  material  to  which  I  shall  allude,  is  in  the  formation  of 
an  artificial  coal  by  its  union  with  bituminous  matter,  as  a  fuel  for  steam  navi¬ 
gation.  This  fuel  is  not  a  compressed  turf,  as  has  been  erroneously  stated.  It 
is,  in  fact,  an  artificial  coal,  composed  of  the  best  ingredients  of  which  pit  coal 
is  formed  by  nature,  yet  free  from  any  admixture  with  those  substances  which 
deteriorate  the  heating  properties  of  the  latter.  This  artificial  coal  is  composed 
of  turf  coke  combined  with  resin  or  pitch,  according  to  the  desired  quality ; 
the  former,  of  course,  making  the  strongest  and  best  fuel. 

Natural  mineral  pit  coal  we  find  composed  of,  1st,  bituminous  matter; — 
2dly,  carbonaceous  matter ; — and,  3dly,  of  foreign  matter  of  various  kinds,  and 
in  various  proportions,  among  which  are  sulphur  and  the  metallic  sulphurets, 
and  incombustible  earthy  substances.  In  the  composition  of  artificial  coal,  I 
have  taken  resin,  as  the  purest  available  bitumen,  and  turf  coke,  as  the  purest 
vegetable  carbon.  The  result  of  their  chemical,  or,  perhaps,  only  mechanical 
union,  is  a  coal,  possessing  the  greatest  heating  powers  in  the  smallest  bulk — 
avoiding,  on  the  one  hand,  an  excess  of  bitumen  and  a  deficiency  of  carbon,  as 
is  found  existing  in  cannel  coal, — or,  on  the  other  hand,  an  excess  of  carbon 
and  a  deficiency  of  bitumen,  as  is  found  to  be  the  case  with  anthracite  coal ; 


180 


MR.  WILLIAMS  .ON  THE  PREPARATION,  PROPERTIES, 

neither  of  which,  for  these  reasons,  is  adapted  for  the  furnaces  of  marine 
boilers. 

Resin,  notwithstanding  its  high  price,  is  now  much  used  in  steam  naviga¬ 
tion,  from  its  containing  so  much  heating  power,  and  giving  out  so  much  flame ; 
it  is  only  used,  however,  by  mixing  it  with  fine  coal  or  cinders,  as,  alone,  it  is 
not  an  available  fuel,  notwithstanding  its  high  combustible  properties.  This 
arises  from  the  circumstance  of  its  melting  at  so  low  a  temperature,  and  so  large 
a  portion  of  it,  therefore,  passing  off  unconsumed  and  in  a  state  of  vapour, 
from  the  difficulty  with  which  it  enters  into  connexion  with  the  atmosphere 
during  the  process  of  combustion.  The  union  of  resin,  however,  with  the  carbon 
of  the  turf  has  the  effect,  by  virtue  of  the  extraordinary  attraction  of  the  latter 
for  oxygen,  of  furnishing  the  necessary  supply  to  the  resin,  and  thus  giving  full 
combustible  and  calorific  effect  to  that  powerful  bitumen.  This  may  be  said  to 
take  place,  more  or  less,  in  the  combustion  of  all  coal,  and  forms  the  main  dis¬ 
tinction  between  bitumen  and  coal. 

In  the  manufacture  of  the  resin  fuel,  the  turf  coke,  in  the  state  of  powder,  is 
added  to  the  resin,  or  other  bitumen,  in  a  melted  state,  upon  which  an  imme¬ 
diate  and  intimate  union  takes  place.  The  proportion  in  which  these  ingredients, 
when  pure,  should  be  mixed,  is  that  of  equal  quantities,  by  weight. 

The  price  at  which  this  fuel  may  be  manufactured  will  necessarily  vary 
according  to  the  locality  of  the  manufacture,  and  the  value,  quantity,  and 
quality  of  the  ingredients  used ;  keeping  these  in  view,  the  cost  of  the  manu¬ 
factured  article  may  average  from  twenty  to  forty  shillings  per  ton. 

Having  tested  the  value  of  this  fuel  in  repeated  voyages  across  the  Channel, 
and  during  five  voyages  across  the  Atlantic  in  the  “  Royal  William”  and 
“  Liverpool”  steam  ships,  the  result  is,  that  the  most  economic  mode  of  using  it 
appears  to  be  in  the  proportion  of  2  cwt.  to  20  cwt.  of  coal.  If  used  judiciously 
and  in  this  proportion,  20  cwt.  of  coal,  and  2  cwt.  of  the  resin  fuel,  will  do  the 
work  of  26  cwt.  of  coal.  The  proportion  of  the  resin  fuel  may  be  increased  with 
good  effect,  should  the  pit  coal  be  inferior  in  quality  or  of  a  slow  burning  nature. 

But  this  saving  of  dead  weight  carried,  amounting  to  above  1 5  per  cent, 
of  the  entire  supply  for  the  voyage  to  New  York,  is  perhaps  the  least  im¬ 
portant  of  the  advantages  arising  from  the  use  of  this  fuel.  In  case  of  a  pro¬ 
tracted  voyage,  some  of  this  fuel,  in  connexion  with  cinders  and  a  small  portion 
of  coal,  will  be  adequate  to  keep  the  engines  in  operation.  Again,  by  the  sud¬ 
denness  of  its  action  and  the  great  volume  of  flame  given  out,  it  enables  the 
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engineer  to  avoid  a  deficiency  of  steam  at  one  period,  by  which  the  engines  are 
retarded  ;  and  an  excess  at  another,  by  which  a  waste  of  fuel  takes  place ;  this 
irregularity  arising  from  the  difficulty  of  keeping  so  many  furnaces  at  a  uniform 
intensity. 

Again,  where  it  is  desirable  to  suspend  the  operation  of  any  furnace,  or 
even  all  the  furnaces  under  any  one  boiler,  to  clear  out  or  repair,  a  small 
increase  of  this  fuel  under  the  remaining  furnaces,  has  been  found  adequate  to 
the  maintaining  a  due  supply  of  steam. 

In  conclusion,  I  would  observe  that  the  result  of  ten  years’  experience, 
during  which  I  have  given  much  attention  to  the  subject,  is,  that  the  turf  bogs, 
particularly  those  of  Ireland,  which  have  hitherto  been  regarded  as  an  incum¬ 
brance,  possess  many  valuable  properties  which  qualify  them  for  several 
important  uses  in  the  arts.  The  application  of  an  improved  fuel  to  the  manu¬ 
factures  of  this  country,  and  to  the  purposes  of  the  steam  engine,  being  a 
subject  of  the  deepest  interest,  and  as  the  accumulation  of  facts  is  the  first  step 
towards  the  acquisition  of  sound  views  and  improved  practice,  I  have  presumed 
to  submit  the  foregoing  to  the  notice  of  the  Institution. 

This  subject  being  far  from  exhausted,  with  the  permission  of  the  Institu¬ 
tion,  I  propose,  on  a  future  occasion,  submitting  to  them  some  further  observa¬ 
tions,  with  the  details  of  such  operations  as  may  then  have  been  proceeded 
with. 

CHARLES  WYE  WILLIAMS. 

Liverpool,  February  12,  1839. 
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